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ABSTRACT
Experiments on the nitrogen nutrition of the strawberry and a 
typical strawberry soil in Louisiana were conducted in 1962-64 to 
study sources that might offer a nitrate supply more appropriate to 
the nitrogen needs of the plant from the time of setting in the field 
in the fall through fruit harvest the following spring.
Sodium nitrate, ammonium nitrate, ammonium sulfate, urea, urea 
formaldehyde, and cottonseed meal were applied to Olivier silt loam 
top soil and (1) incubated in a nitrification study for 3, 7, 14,
21, 28, and 49 days at 35 and 60°F. and room temperature (mean »
80°F.), and (2) leached in a greenhouse leaching study by applying 
three rates of simulated rainfall in 1962-63 and two rates in 1963-64 
to pots with and without plants of the Dabreak variety.
Two field studies were conducted. One included the application 
of 68 pounds of nitrogen per acre from ammonium nitrate alone or from 
ammonium nitrate plus cottonseed meal at the rates of 54 and 14 pounds 
per acre of nitrogen respectively. The other study was the appli­
cation of ammonium nitrate as top-dressing at the rate of 40, 60, or 
80 pounds of nitrogen per acre in single and split applications to 
plots of the Dabreak and Headliner varieties.
Nitrate accumulation due to nitrification, though generally low, 
increased with increasing incubation temperatures and time. Incubation
xi
at room temperature gave maximum accumulation in soil samples treated 
with urea and ammonium sulfate. Sodium nitrate and ammonium nitrate 
gave the lowest accumulation while urea formaldehyde and cottonseed 
meal corresponded to the control (no nitrogen) samples.
Only small amounts of the applied nitrogen were leached as 
nitrate, generally corresponding in quantity removed to the volume of 
water applied. Total nitrate removal was greatest from soil treated
twith sodium nitrate or ammonium nitrate, both contributing large 
amounts in the initial leachate, and least from urea formaldehyde or 
cottonseed meal. Intermediate amounts were removed from urea or am­
monium sulfate treated soil.
Plant growth markedly reduced the nitrate content of soil and 
leachate from all nitrogen sources and water treatments. Soil nitrate 
decreased in pots with plants with successive leachings, but increased 
in pots without plants. Soil nitrate in pots without plants was higher 
under the lower water applications. Nitrogen sources and water 
treatments had negligible effects on soil pH, extractable ammonia, and 
percent total nitrogen in plant tissue. All nitrogen sources gave 
significant increases in plant dry weight at the conclusion of the 
leaching study. Soil temperature in pots exposed to the sun on at 
least one side attained higher maximums than that in pots surrounded 
by other pots.
In one field study single and split applications of 40, 60, and 
80 pounds of nitrogen per acre as ammonium nitrate applied to the 
Dabreak and Headliner varieties of strawberries increased yields,
xii
decreased soluble solids, had no effect on firmness or tltratable 
acids, and showed variable effects on dry matter content of the fruit.
Application of 68 pounds of nitrogen per acre as ammonium 
nitrate, compared to the same amount from ammonium nitrate plus cotton­
seed meal, gave a marked increase in the nitrate content of soil in the 
field at 30 days after application on October 1 but not at 60 days. No 
effects on the nitrate content at the 9-18 inch depth were noted until 
60 days after application when nitrate at this depth was greater than 
at 0-9 inches, though not markedly different for fertilizer treatment. 
From March 1 through April the nitrate content at the 0-9 inch depth 




The cultivated strawberries of today are derived from Fragarla 
virglnlana Duch., the wild meadow strawberry of Eastern North America, 
and Fragarla chlloenals (L) Duch., the beach strawberry that grows 
along the pacific coast from Alaska to California, along the Chilean 
Coast, and in the mountains of the Hawaiian Islands (USDA Yearbook 
1937). It is one of the most widely-grown fruits of the world and 
is found in every state of the United States and every province of 
Canada. Three major factors are mainly responsible for the world­
wide distribution of the strawberry. These are (1) origination of 
firm varieties like Wilson adapted to widely different conditions;
(2) the ability of the strawberry to grow from sea level up to 
12,000 feet elevation, in humid and'arid regions, and in day lengths 
of 6 to 24 hours; (3) the high dessert quality and usefulness of the 
fruit which matures in early summer when few fresh fruits are availa­
ble (33).
The cultivated strawberry is a product of plant breeding which 
is continually producing varieties with increasingly larger yields 
of berries combining to a greater or lesser extent the many quali­
ties necessary for commercial production in the United States.
The development of high yielding Louisiana varieties such as 
Dabreak and Headliner (50, 51) relative to older varieties grown
1
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commercially in this state and the double-row method of production 
have created nutritional problems peculiar to Louisiana conditions.
The plants, which are set out in the fall, receive "in the 
row" applications of approximately 30 pounds each of nitrogen and 
potash (K2O) and 60 pounds of phosphate (P2O5) per acre. After the 
rows are scraped by hand, and prior to applying pine straw in 
January, an equal amount of fertilizer is applied (77). As rapid 
plant growth commences in the spring and heavy loads of fruit are 
born, plants of the Dabreak and Headliner varieties often show 
severe nitrogen deficiency symptoms. It is believed that this con­
dition occurs partially as a result of nitrate leaching during the 
fall and winter months when rainfall normally amounts to slightly 
more than one inch per week. Such periods of high rainfall would 
preclude the practical use of fertilizers which provide readily- 
soluble and poorly retained forms of nitrogen in the soil.
The double-row method of planting this crop prohibits the 
efficient and practical incorporation of fertilizer nitrogen ihto 
the soil in the spring when the plants have a critical need for it. 
The use of straw and especially plastic mulch further interferes 
with this practice since the straw would need to be removed or the 
plastic punctured to get the fertilizer into the soil.
Thus, the problem is one of insuring an adequate, but not 
excessive, supply of nitrogen at all times during growth and pro­
duction, and especially in early spring when the need for nitrogen 
is increased. It is at this time when leaf expansion, blooming, and
3
fruit growth are occurring rapidly. However, small amounts of 
nitrogen are probably absorbed by strawberry plants during the 
winter months in Louisiana due to the frequency of periods of mild 
temperatures during which reduced or moderate rates of plant metabo­
lism and nitrogen use occur.
It is evident that one practical approach to this problem is 
a fall application of a source of nitrogen before planting which 
would supply small but adequate amounts of readily-available forms 
for plant establishment and subsequent use during the winter months, 
and then larger, adequate amounts the following spring. Such forms 
of fertilizer nitrogen have in recent years appeared on the com­
mercial market and some have subsequently been found useful for 
certain horticultural crops (56, 58). However, their suitability 
for use on strawberries under southern Louisiana conditions remains 
to be determined.
Theoretically, fertilizers supplying the ammonium form of 
nitrogen to the soil would provide available nitrogen to the plants 
during the winter months. However, weather conditions in the fall 
at the time of planting usually are conducive to rapid nitrification 
which would then result in the conversion of larger amounts of 
ammonium nitrogen to nitrate with subsequent leaching during periods 
of heavy rainfall. Together nitrification and leaching could result 
in severe losses of nitrogen which would otherwise become available 
the following spring and thus leave the plant with a deficit during 
the fruiting period.
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This research was initiated for the purpose of studying, in 
several different experiments, the effects of source and rate of 
nitrogen, water application, soil temperature, and plant growth on 
certain aspects of strawberry nitrogen nutrition and on the form 
and amount of nitrogen found in a typical strawberry soil and its 
leachate.
REVIEW OF LITERATURE
The amount of nitrogen available to a strawberry plant depends 
upon many factors, not the least of which is the presence of a 
microbial population of the proper species of sufficient size to 
provide the particular form(s) of nitrogen required by the plant.
The activity of a microbial population is controlled by soil temper­
ature, moisture, pH, aeration, and amount and kind of food supply.
Many investigators have attempted to ascertain the optimum 
conditions necessary for nitrification of the reduced forms of 
nitrogen contained in various organic and Inorganic carriers. 
Thurchin (102) studying urea transformation in soils incubated for 
specified intervals of time at 25-27°C. found that it was trans­
formed to nitrate more rapidly in podzols and degraded chernozems 
than ammonium salts. McCool (74) found that urea was more actively 
nitrified in a Sassafras soil incubated at 10, 20, 27 and 35°C. 
than cottonseed meal or urea ammonia liquor 37 base, the latter 
being the least actively nitrified.
Llttauer (66) concluded that urea decomposed more rapidly in 
a clayey soil than a sandy soil, and with increasing temperatures. 
Broadbent et al (19) showed that at the end of seven days in soil 
incubated at 45°F., 200 and 400 ppm urea were completely hydrolyzed, 
and at the end of 14 days 800 ppm were completely hydrolyzed.
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Fisher et al (40) added urea to Hermitage silt loam at the rate of 
100 and 200 pounds per acre, incubated the soil at 10, 20 and 30°C., 
and analyzed for nitrate and ammonium nitrogen at the end of 1, 2,
3, and 5 weeks. They found that generally both forms of nitrogen 
increased with Increases in soil temperature and that the 100 pound ' 
per acre rate Increased the nitrate content of the soil at 20 and 
30°C., but both initial rates were nitrified at a constant rate of 
about 25 pounds nitrogen per acre per week at 10°C. Simpson (100) 
found no measurable nitrate nitrogen in soil samples incubated for 
8 weeks at 1°C. and 100 percent of added urea was recovered as 
exchangeable ammonium ions. He also observed very little nitri­
fication during the first week of Incubation at 25°C. He 
suggested this was due to a low population of nitrifiers, which 
occurred as a result of storing the soil for an extended period of 
time in the air dry state.
Couturier and Perraud (33) stated that the apparent reason 
for urea retention in soil was due to its conversion to ammonium 
carbonate.
Krantz ct al (61) concluded from a field plot study that the 
ammonium cation was rather Immobile in the soil due to its adsorption 
by the base exchange complex.
Broadbent et al (20) presented the theory of salt formation as 
a basis for urea retention in soils. According to them urea, being 
a weak base, could form relatively unstable salts with strong acids, 
such as oxalic. He presented data supporting this view. Urea
7
formed a salt with the acidic grouping in Amberlite IR-20 and did 
not leach, while the salt formed with the weakly acidic carboxyl 
grouping in Amberlite IRC-50 was unstable and leached, though not 
as much as nitrate. Further tests showed that urea was leached 
less readily from Venice peaty muck in acid form than from the 
column that had been saturated with calcium, thus supporting the 
view of salt formation.
Wei Tsung et al (121) compared the relative importance of 
chemical and biological hydrolysis of urea in the soil. Under the 
conditions of their test in an open system the chemical hydrolysis 
reaction rate was very slow and insignificant at both 4 and 25°C. 
while, on the other hand, biochemical hydrolysis was accelerated 
by starch at room temperature but not at 4°C. Complete sterili­
zation stopped hydrolysis.
Jacobson et al (53) in a five year lysimeter study reported 
that various cations used in conjunction with urea produced no 
effects on nitrification.
One of the more recent trends toward assuring an ample supply 
of nitrogen to crop plants over a period of several months has been 
the use of fertilizers with controlled nitrogen availibility. One 
such material that has been made available to investigators is urea 
formaldehyde which in its several formulations consists of definite 
ratios of urea to formaldehyde. Fuller et al (43) used urea 
formaldehyde preparations applied to soil at rates up to one percent 
with no inhibition of soil microflora. They concluded that the
8
enzymes of soil microflora are necessary to release ammonia from 
urea formaldehyde, that nitrification proceeded satisfactorily at 
applications comparable to and greater than those of practical 
importance in the field, and that strict chemical hydrolysis either 
does not occur or proceeds -so slowly as to be immeasurable,
Armiger et al (6) using various urea formaldehyde ratios 
compared with ammonium sulfate, ammonia liquor-37, cottonseed meal, 
and milorgonite as turf grass fertilizers found that urea formal­
dehyde with a ratio of 1.30 supplied nitrogen at about the same 
rate as milorgonite. Benjamin et al (10) studied the effectiveness 
of urea formaldehyde as a nitrogen source for container grown woody 
ornamentals. They found that large amounts of extractable ammonium 
nitrogen accumulated in the soil within one to two weeks after urea 
formaldehyde was applied. Plants treated with urea formaldehyde 
showed an increase In nitrogen content up to eight weeks after 
application, then a rapid decline. They concluded that the readily- 
soluble nitrogen fraction becomes available almost immediately 
after application and that the slowly-available nitrogen does not 
undergo mineralization fast enough to permit as rapid growth as 
that by plants receiving ammonium nitrate.
Anderson et al (5) studied the effects of low temperature on 
nitrification of ammonia from ammonium sulfate and ammonium hydroxide. 
They found that at a soil pH of 4.9 and a temperature of 37°F. only 
a trace of nitrate nitrogen appeared up to 42 days after application. 
However, at 429F. the ammonium sulfate treatment produced about one
9
third of the nitrates that were produced by ammonium hydroxide.
At a pH of 6.8 and at 42°F. nitrification began about two weeks 
earlier and occurred at the same rate with each source. They 
concluded that the ammonium hydroxide probably raised the pH above 
4.9 when applied, thus causing a more favorable environment for 
nitrification. Stojanovlc et al (106) reported that nitrate 
formation from ammonium sulfate was greatest at S°C. (41°F.) 
during the first two weeks of incubation and at 10°C. (50°F.) 
during the fourth to sixth weeks.
Sabey et al (97) studied the influence of soil temperature 
and initial population of nitrlfiers on the formation of nitrate 
from ammonium sulfate. They found that increasing the initial 
population of nitrlfiers did not greatly influence the nitrifi­
cation rate but did decrease the length of the delay period at 
temperatures ranging from 0 to 25°C.
They also found that increasing the initial population of 
nitrlfiers did not influence the nitrification rate at temperatures 
above 10°C. but increased it at temperatures below 10°C. The 
length of the delay period, however, was decreased by increasing the 
initial population of nitrlfiers at 0, 5, 10, 15, and 25°C.
Anderson (4) found that Cecil sandy loam soil samples treated 
with 0, 50, 100, 200, and 400 ppm ammonium nitrate nitrogen showed 
only negligible rates of nitrification at 37°F. At 42°F, samples 
treated with 50 ppm of nitrogen showed considerable nitrification 
activity after 3-6 weeks. At 47 and 52°F. the amount of nitrates
10
that accumulated in proportion to the amount added decreased as 
ammonium nitrate increased.
Frederick (42) studied the effects of soil temperature on 
nitrification in an alluvial silt loam, a calcareous loam, and a 
gray-brown podzol (planosol), treated with diammonium phosphate 
and moistened to 20-25 percent. In the podzol he found no nitri­
fication at 2 or 7°C. even after 29 and 21 weeks of incubation 
respectively. He also observed a very marked lag period in nitri­
fication at 15.5°C., the length of which decreased with an increase 
in temperature. He concluded that the rate of nitrification was 
quite rapid with an increase in temperature, the greatest change 
occurring between 7 and 15.5°C., when the lag period existed. No 
appreciable nitrification was found below 7°C., and the optimum 
soil temperature was 27-35°C.
Parker et al (88) studied nitrification in several mulched 
soils. Their laboratory studies indicate that a 2°C. temperature 
difference in the 16-20°C. range measurably affected the oxidation 
of ammonium nitrogen to nitrate nitrogen. This was not true at 
temperatures above 20°C. They also found that the total amount 
of nitrate produced increased with increases in temperature.
Their work with moisture tension shows that high soil moisture 
(low tension) had little effect on nitrification except at or near 
the saturation point, and the transition from favorable to un­
favorable moisture tension was abrupt. Moisture tensions. below~’50
4
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centimeters of water apparently retarded, nitrification. Also, at 
extremely low moisture tension and at 25°C. 70 percent of the 
mineral nitrogen disappeared while at 1S°C. 15 percent disappeared, 
probably as a result of Immobilization or denitrification. Miller 
et al (75) found that with soil incubated for 14 days at 30°C. 
nitrification was greatest at 0.15 to 0.5 bars of water tension 
and was limited by deficient water at higher tensions and deficient 
aeration at lower tensions. Wallihan (116) found that nitrates 
in a water-logged soil were increased after drainage, but were 
reduced 40 percent while under water-logged conditions for 22 days 
at room temperature. His data indicate that nitrates were reduced 
to the ananonium form under water-logged conditions. Patrick et 
al (89) studying the effect of alternate wetting and drying on the 
loss of soil nitrogen found that one cycle of alternate submergence 
and drying resulted in the loss of 46 ppm of nitrate nitrogen within 
ten days. Successive cycles of submerging and drying resulted in 
a 15-20 percent loss of total soil nitrogen. Ammonium nitrogen 
increased with submergence and decreased with drying. At 21 days 
after submergence ananonium nitrogen had increased to 54 ppm.
At 21 days after draining the soil it had become aerated, and 
nitrate nitrogen began to increase so that at the end of A3 days 
only a trace of ammonium nitrogen remained and nitrate nitrogen 
had increased to 57 ppm.
Mack (71) found that freezing Greenville silt loam in liquid 
nitrogen at minus 196°G. and thawing it repeatedly, or chilling it
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to minus 1°C. resulted in a surge of biological activity in the 
soil incubated at 24°C.
Munro et al (81) showed that nitrate production was essenti­
ally the same in soil samples incubated for 14 days at 100, 95, 
and 85 percent relative humidity. At 85 percent relative humidity 
one half of the water was lost from the samples, and at 67 percent 
relative humidity all of the water was lost and nitrate production 
was severely restricted. Their study also showed that storage of 
samples in the air-dry state prior to incubation increased nitrate 
nitrogen production by 15 to 20 ppm as compared to storage at 
10-20 percent moisture, and storage at 20 percent caused a 2-3 ppm 
decrease compared to storage at 10 percent moisture. Air drying 
from field capacity to the wilting point had little effect on 
nitrate production, but further drying to the air-dry state caused 
a marked increase. Storage of samples at minus 20°G. and minus 
5°C. gave constant nitrate production with changing storage time. 
However, samples stored at 10-20 percent moisture and minus 20°C. 
were 2-3 ppm higher in nitrate than those stored at minus 5°C.
Smith (101) found that the optimum soil moisture content for 
nitrate production in a Norfolk sandy loam was 50-60 percent of the 
water holding capacity. Urea and ammonium sulfate nitrified more 
rapidly and resulted in a higher nitrate accumulation than bone meal 
and tankage. An increase in temperature increased nitrate production 
with all four nitrogen materials. At each temperature urea nitrified 
most rapidly, but ammonium sulfate gave the hightest ultimate nitrate 
accumulation.-
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Soil losses of nitrate nitrogen due to leaching can be large 
If the volume of water passing through the soil Is large and 
follows a period of nitrification resulting in nitrate accumulation 
in the soil.
Fraps (41) presented data showing leaching losses of nitrate 
from several soils of various textures from sand to clay. Nitrate 
losses ranged from 219 mgm. per pot (26.7 pounds per acre) in the 
sand to 2003.6 mgm. per pot (244.4 pounds per acre) in a clay soil. 
He stated that the concentration of nitrates in the percolating 
water reached a maximum in the fall and a minimum in the spring, 
and that cultivation as used in working nitrates into soil in pots 
caused greater percolation than no cultivation and consequently a 
greater removal of nitrates,
Russell (96) obtained results indicating that during an 
exceptionally wet year the soil loses a large amount of nitrate 
as well as the capacity to produce nitrate. In each case, after 
a wet year, the nitrate washed out per inch of rainfall during 
the following year was less than during the wet year.
Fairburn (39) compared the amounts of nitrogen leached from 
three soils in the greenhouse during January through Hay. The 
three soils, an unfertilized field soil, a greenhouse compost, and 
a 3:1 field soil to peat mixture, leached 15.17, 150,75, and 15.81 
pounds per acre of sodium nitrate and 400, 150, and 110 pounds 
per acre of total nitrogen respectively.
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Nitrogen losses from a soil due to leaching depends in part 
upon the kind of fertilizer nitrogen applied. A fertilizer 
containing a readily-soluble source of nitrogen as nitrate or one 
which would be readily nitrified would cause a larger nitrate 
accumulation, hence greater amounts would be removed subsequently 
by percolating water.
Collison (29) found that the nitrogen in sodium nitrate 
leaches more readily and in larger amounts than that in sulfate 
of ammonia or dried blood.
Benson (11), studying nitrogen leaching losses through 
glazed three gallon crocks with various sources of nitrogen applied 
to Norfolk sand, found that all of the applied nitrate nitrogen was 
leached, and that one third of the ammonium nitrogen applied as 
ammonium sulfate or ammonium nitrate was also leached. The ammonium 
nitrogen was retained very efficiently by the soil until nitrifi­
cation began, then both the ammonium and nitrate forms leached.
Urea incubated for one day leached 35 percent; 4 days, 16 percent.
In a subsequent experiment he used various sources of nitrogen 
applied to a sand, a fine sand and 2 fine sandy loams, incubated 
for four days and leached them to give a drainage equivalent of 3 
inches of water for the surface exposed. He found that Norfolk 
fine sandy loam retained 27.8 percent of applied nitrate nitrogen 
and lost insignificant amounts of ammonium nitrogen applied as 
ammonium sulphate. He also found, in contrast to the earlier 
experiment, no urea nitrogen in any of the leachate. Castor pomace
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gave similar results to the control. Urea materially raised the 
pH of the soil, and the soil pH value was raised by leaching while 
the leachate had a lower pH than the soil.
In a lysimeter study Morgan et al (80) applied 200 pounds of 
nitrogen per acre as ammonium sulphate, urea, and sodium nitrate.
They found that sodium nitrate produced the greatest nitrate 
concentration in leachate and that the ammonium nitrogen content of 
a percolate through a sandy loam was greater for ammonium sulfate 
than for urea. Morgan (78) studied the soil changes resulting from 
nitrogenous fertilization in loams, loamy sands and sandy loams. 
Ammonium sulfate produced the greatest ammonia content in the 
leachate, but considerable amounts also leached from urea and cotton­
seed meal.
Willis (124) reported on a six-year lysimeter study involving 
the influence of four cropping systems on the nitrogen and organic 
matter contents of Richland silt loam. His data showed that nitrogen 
losses by leaching varied from 2.0 to 95.4 pounds per acre per year. 
Nitrogen losses due to leaching where cotton was grown without a 
cover crop was 35 percent of the amount added as fertilizer nitrogen, 
whereas in cotton where a green legume manure was grown only 18.7 
percent of the amount returned to the soil in the green manure was 
lost by leaching. The presence of a continuous cover crop reduced 
leaching losses.
Jacobson et a l .(53) reporting on a 5-year lysimeter study 
showed that 95 percent of the nitrogen that was leached from the
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soil was lost within the first six months after fertilizer appli­
cation on May 26 of each year.
. Raney (91) concluded from lysimeter studies that salts of 
nitrate nitrogen account for the majority of cations lost during 
leaching and that the amount of water passing through the soil is 
less important than the soil conditions that allow nitrate buildup 
before leaching.
Aldrich (2) reported that soil supporting citrus trees 
fertilized with sodium nitrate or ammonium sulfate had markedly 
less water percolation through it than the same soil fertilized 
with calcium nitrate. Urea appeared to have decreased the perme­
ability of the soil slightly more than did calcium nitrate.
Render and Childers (58) found that leachate from a soil 
supporting cranberry plants contained no significant differences 
in nitrate content due to fertilization at the rate of 50 pounds 
per acre with ammonium sulfate, urea, urea formaldehyde, or calcium 
nitrate.
Krantz et al (61) found that prolonged droughts caused an 
upward movement of nitrate in the soil with subsequent accumulation 
at the surface. When ammonium sulfate was plowed under a large 
portion of it remained in the ammonium form throughout the season 
in the moist root zone.
Ray et al (92) studied the movement of ammonium nitrogen in 
soil columns held on ceramic plates at a constant tension of 300 
centimeters of water. Their data suggest that as the organic matter
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and clay content Increases, especially If montmorillonite predomi­
nates, the proportion of the total exchange capacity that can be 
filled with ammonium ions becomes progressively smaller. Soils 
that were intermediate in cation exchange capacity were Intermediate 
in ammonium nitrogen retention. The predominant direction of 
ammonium nitrogen movement was downward and outward in Anoka loamy 
fine sand, nearly equal in all directions in Nicollet loam, and 
intermediate in direction between these two soils in Fayette silt 
loam.
One of the most generally limiting elements in strawberry 
nutrition is nitrogen. Much seemingly conflicting data have been 
published concerning the necessity of adding fertilizer nitrogen 
for this purpose (22, 24, 46, 70, 107, 108, 109, 113) . It has been 
shown, however, that various nitrogen sources applied as fertilizer 
can have marked effects on the nitrogen content of the plant parts 
(37, 69, 114, 200). Since in some areas cultural practices are 
used for the plant as an annual crop and in others the crop is 
handled on a biennial basis, the nitrogen nutritional status might 
be expected to assume characteristics peculiar to the cultural 
practice of the area.
Loree (70) grew strawberry plants in 6 inch pots placed in 
the soil on boards. The soil was a very light sand with .02 percent 
native nitrogen content. Ammonium sulfate was applied at the rate 
of 200 pounds per acre as a spring and summer application. He stated 
that the spring application of nitrogen caused 1.59 to 2.02 percent
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nitrogen in plant parts as compared to 0.66 to 0.97 when nitrogen 
was applied in the summer. When the nitrogen was applied in the 
spring and summer the mean nitrogen content of the plants was 1.55 
to 1.79 percent.
Greve et al (46) compared the effects of ammonium sulfate and 
sodium nitrate applied at the rate of 250 pounds per acre on straw­
berry plant composition and found that nitrogen applied early in the 
spring of the fruiting year increased the nitrogen content of the 
fruit.
Long (67) found a seasonal decrease in percent nitrogen in 
strawberry leaves from 2.5 percent to less than one percent, with a 
concomittant increase in roots and stems. He concluded that nitrogen 
is stored in these organs during the winter.
Greve (45) studying the effects of nitrogen fertilization and 
irrigation on the total carbohydrate:total nitrogen ratio found that 
strawberry roots had a higher ratio than the tops which was unaffected 
by irrigation. With one exception, plants receiving no nitrogen had 
a higher ratio in both the top and roots than those receiving ferti­
lizer nitrogen.
Clark (26) studied the growth and composition of the strawberry 
plant as affected by nitrate and ammonium nitrogen applications: and 
the pH of the nutrient medium. He found that plants grew as well when 
supplied with nitrate nitrogen if the pH of the nutrient medium was 
4.6 as when supplied with ammonium nitrogen if the pH of nutrient 
medium was 6.4. When ammonium was the nitrogen source in the nutrient
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medium there was no nitrate nitrogen in the plant parts, but it was 
present in leaves of plants grown in the medium containing nitrate 
nitrogen, thus indicating that the strawberry plant may be able to 
assimilate nitrate nitrogen in the leaves and crowns as well as in 
the roots. The roots, crowns, and petioles contained more ammonium 
ions when grown in the nutrient medium containing ammonium nitrogen 
as opposed to nitrate nitrogen. However, the nitrogen source made 
no difference in leaf ammonium nitrogen content. There was a 
decreasing gradient in ammonium nitrogen content from roots to 
leaves in the ammonium series. In the nitrate series there was almost 
as much ammonium nitrogen in the roots as in the crowns, and 
petioles contained as much as the blades, but roots and crowns had 
twice as much as the leaves. He suggested that the presence of 
more ammonium nitrogen in plant parts in the ammonium series indicates 
that the plants absorbed an excess of that needed for assimilation, 
especially since plants in the nitrate series seemed to have an ample 
supply of assimilated nitrogen.
Total nitrogen was slightly higher in the plants from the 
ammonium series than from the nitrate series. Nutrient medium pH 
values of 3.4 to 6.4 in both the nitrate and ammonium series had no 
apparent effect on plant nitrogen content. Since the ammonium plus 
nitrate content in the plants exceeded the amount of ammonium 
nitrogen in plants from the ammonium series, it is probable that the 
greater total nitrogen content was due to a larger amount of organic 
nitrogen resulting from the assimilation of ammonium nitrogen. Both
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the carbohydrate and nitrogen differences due to treatments were 
greatest in roots and progressively smaller in crowns and leaves.
Murneek and Long (82) found that during the fall and winter 
the leaf nitrogen content decreased rapidly with a concomnittant 
increase in roots while in the spring the nitrogen content of roots 
and stems decreased progressively until the fruit-bearing period 
and time of runner production when these organs were depleted of 
nitrogen.
Long and Murneek (69) studied the effects of fertilizers and 
season on the nitrogen and carbohydrate contents of strawberry 
plants growing in pots. They found that in the autumn leaves con­
tained 2 .0-2 .4 percent nitrogen which decreased rapidly during 
senescence while that in roots and stems increased. During the 
winter the roots stored 30-40 percent of the total plant nitrogen. 
Young leaves were high in nitrogen. Development of flowers, fruits 
and runners utilized considerable quantities of stored nitrogen so 
that the roots and stems had an extremely low content by mid-summer 
but regained more during late summer and early fall.
In studying the effects of time of nitrogen application, they 
found that spring applications increased the nitrogen content of 
all plant parts. The use of ammonium sulfate and dried blood either 
singly or in combination did not markedly alter seasonal nitrogen 
variations but did increase the number of flowers formed. Also, the 
plants receiving both spring and fall fertilizer nitrogen contained 
twice as much nitrogen as those receiving fall applications only.
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Waltman (117) found that spring applications of 200 pounds of 
sodium nitrate per acre to several strawberry varieties increased 
the soluble nitrogen in the crowns nearly 100 percent over the no 
nitrogen treatment, while fall applications caused a lower nitrogen 
content in treated plants than in the control.
Roberts and Kenworthy (95), growing strawberry plants in 
Hoagland's solution, found that maximum growth of all aerial parts 
occurred at root temperatures of 65 and 75°F. while a root tempeta- 
ture range of 45 to 95°F. caused no difference in the dry weight of 
roots regardless of salt concentration. On the other hand, an 
increase in salt concentration of the nutrient solution increased the 
percent of nitrogenous products and decreased the nitrogen-free 
extract in both leaf and root tissue.
In another test where two varieties were grown for three months 
in soil in pots with root temperatures ranging from 45 to 90°F. and 
the top8 remained at greenhouse temperature, Froebsting (90) found 
good survival below 90°F. but sharply reduced growth at 45 and 90°F, 
More abundant growth and runner production occurred at 75°F. Maximum 
flower production was noted at 45 and 90°F. The best top-root ratio 
occurred at the low temperature. This work also showed an interesting 
varietal response to root temperature. While variations in root 
temperature caused only limited variation in percent nitrogen in the 
major structures * roots of Shasta showed no temperature trend, but 
roots bf Lassen had higher nitrogen at low temperature and lower 
nitrogen at higher temperature. The greatest nitrogen absorption 
for the entire plant tended to occur at 75°F.
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Voth et al (114) found that 75, 150, and 300 pounds of ammonium 
nitrate nitrogen per acre applied In split applications In the spring 
or fall significantly Increased total nitrogen In leaves of the Lassen 
and Solana varieties, but fertilizer rate had no significant effect.
As the growing season advanced leaf nitrogen in both varieties 
decreased, but Lassen contained more of it on any given sampling date 
than did Solana. They also noted an increase in leaf nitrate nitrogen 
content due to fertilizer and a general increase with increasing rates. 
While nitrate nitrogen content reflected treatment effect better on 
early sampling dates, total nitrogen reflected it better in June 
samples.
Kwong and Boynton (63) showed that potassium and magnesium 
deficiencies in the Sparkle variety caused a soluble nitrogen accumu­
lation in younger leaves three times greater than leaves receiving 
a complete nutrient solution under long days. Soluble nitrogen 
constituents were lower in older leaves than in younger ones under 
both long and short day conditions. When the potassium-deficient 
plants were returned to a complete nutrient solution the total 
soluble nitrogen content became similar to that of plants in a com­
plete nutrient solution.
Kender and Smith (57) found a direct relationship between 
nitrogen levels in the nutrient solution and the nitrogen and 
phosphorous content of leaves, petioles, and roots, and an inverse 
relationship with the potassium and calcium content of these organs.
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Anderson et al (3), In a two-year study with plants of the 
Cat8klll variety growing In soil, found that when phosphorous was 
applied at the rate of 88 pounds per acre Increasing Increments of 
nitrogen Increased the phosphorous content of new leaf tissue.
Ballinger and Mason (8) showed that, in general, leaflets
appear to be the best portion of the strawberry plant for indicating
*
its nitrogen status, and Johnson and Walker (55) found that the 
average total nitrogen content of leaves showing nitrogen deficiency 
was 1.31 percent (dry weight basis). Lineberry and Burkhart (64) 
described nitrogen deficiency symptoms in young and mature strawberry 
leaves. Kender et al (57) reported that leaves of strawberry plants 
growing in a nitrogen regime of 50 ppm showed a slight nitrogen de­
ficiency.
Brantley (16) obtained an increase in the nitrogen content of 
turnip greens with applications of nitrogen up to 60 pounds per acre.
Nielson et al (84) showed that the nitrogen content of oat tops 
increased as the soil temperature was increased from 41 to 80°F. or 
as addition of nitrogen was increased. The percent phosphorous was 
usually highest when nitrogen was omitted indicating that nitrogen 
had a depressing effect on percent phosphorous.
Nowakowski (85) found that while the total nitrogen content of 
grass receiving 56 and 112 pounds per acre of ammonium sulfate or 
sodium nitrate varied but little, the sodium nitrate at each rate 
produced a greater soluble nitrogen content than did ammonium sulfate, 
the greatest increase being produced by the lower rate.
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Tiedjens (110) reported that tomato plants absorbed the 
ammonium ion immediately at pH of 5.0-6.5 without change, and it 
was assimilated directly and more rapidly than nitrate. Plants 
containing large amounts of available carbohydrates assimilated the 
ammonium ion more rapidly than those containing comparatively small 
amounts. Compared with equal quantities of nitrate the ammonium 
ion produced a much higher concentration of soluble organic nitrogen 
in the plants receiving this form of nitrogen.
Kelley (56) showed that urea formaldehyde when incorporated at 
4 pounds per cubic yard of soil provided a suitable nitrate nitrogen 
level in the soil throughout the season for woody ornamentals. When 
applied to the surface this material gave a high soil nitrate nitrogen 
content late in the spring and a deficient amount for the remainder 
of the season. Leaf nitrogen increased with increases in urea formal­
dehyde applications to the soil and decreased as the season progressed,
Kender and Childers (59), using urea formalddiyde alone and in 
combination with urea at rates of 0 to 60 pounds per acre, obtained no 
increase in the nitrogen content of either the leaves or flowers of 
Zinnia.
Nasharty (83) found that ammonium sulfate, calcium nitrate, and 
urea, applied to the soil increased the nitrogen content of peach 
leaves to about the same extent.
Somogyi et al (104) used ratios of 1:1 and 1;3 of urea formal­
dehyde and urea to ammonium nitrate to supply one half pound of 
nitrogen per peach tree and found that the 1:1 urea formaldehyde to
25
ammonium nitrate ratio significantly reduced the nitrogen content 
of leaves compared to the other three combinations.
Weeks et al (119) working with different rates and sources of 
nitrogen and phosphorous applied to apple trees found that as the 
leaf nitrogen content increased the potassium content decreased and 
that urea sprays applied to leaves did not appear to depress leaf 
potassium as much as high rates of ammonium nitrate applied to the 
soil.
Batjer et al (9) found that roots of dormant apple trees 
absorbed nitrogen from a nutrient solution throughout the dormant 
period, but it was not translocated away from them while the top was 
dormant.
Boynton et al (12) and Cain (22) found that increasing the rate 
of ammonium nitrate applied per tree increased apple leaf nitrogen 
significantly, and Cain's results (22) show a corresponding decrease 
in the phosphorous content of the leaves.
Boynton and Compton (14), using ammonium sulfate as the nitrogen 
source for apple trees, found that an increase of this fertilizer 
from 2.5 to 7.5 pounds per tree increased leaf nitrogen significantly 
and decreased leaf potassium by 15 percent. A similar relationship 
was found in oranges by Reuther and Smith (94).
Marsh (72) concluded that sodium nitrate and ammonium sulfate 
were equally effective in increasing the total nitrogen content of 
apple spurs.
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Chandler (24) reported that sodium nitrate and dried blood 
applied to strawberries in the spring before harvest caused excessive 
weed growth and reduced yields. When these two fertilizers were 
applied in conjunction with acid phosphate yields were higher than 
when they were used alone.
Wentworth (122) concluded that the use of sodium nitrate on 
strawberry beds failed to increase yields but did produce larger 
leaves which showed a greater tendency to wilt than those not receiving 
the sodium nitrate.
Loree (70) obtained greater strawberry plant growth from 
summer applications of a complete fertilizer than with nitrogen 
alone. Spring plus summer nitrogen fertilizer applications produced 
larger plants than spring or summer applications alone, and a nitrogen 
plus phosphorous combination produced the largest plants under these 
conditions.
Runner production was enhanced by a summer application of 
nitrogen alone or in combination with phosphorous and/or potassium, 
but equal amounts applied in the spring and summer reduced the number 
of runners and enhanced crown development.
Fruit bud formation was inhibited by a high carbohydrate-low 
nitrogen content and enhanced by a high nitrogen-moderate to high 
carbohydrate content. It was concluded that total production depends 
on the number of blossoms setting fruit, and the number of blossoms 
are in turn determined by nutritive conditions within the plant at 
the time of flower bud differentiation during the fall.
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In these tests spring nitrogen applications during the fruiting 
year had no effect on the number of clusters or flowers per cluster. 
Summer-treated plants, containing more nitrogen at the termination of 
growth in the fall, set about twice as many blossoms as those ferti­
lized only in the spring.
Tucker (113) reported that while stable manure increased the 
vegetative growth of strawberry plants, commercial fertilizer increased 
the mortality of plants set out and apparently decreased vegetative 
growth.
Whitehouse (123) found that fruitfulness was associated with a 
balance between nitrogen and carbohydrates in the plant at the time 
of flower bud differentiation. He also found that an intermediate 
carbohydrate to nitrogen ratio resulted in intermediate growth and an 
increase in the number of blossoms.
Long (67) grew the Aroma variety in sand culture. His data 
indicate that the two week period immediately preceeding flower bud 
differentiation is critical, with regard to nitrogen supply, for the 
plants may be deficient in nitrogen and recover after nitrogen 
application in a two-week period to form as many flower buds as those 
which were never deficient in nitrogen. He found that withholding 
nitrogen up to less than one week prior to flower bud differentiation 
reduced the number of flowers formed. However, excessive amounts of 
nitrogen applied before this critical two-week period resulted in 
excessive foliage and runner production.
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In a field test he found also that dried blood, bone meal plus 
potassium sulfate, or 4-12-4 applied singly or in combination in 
August increased the number of flowers per plant as compared to plants 
receiving no additional nutritional elements, A spring plus a 
previous summer application usually gave no consistent increase in 
fruiting over the summer application alone.
Roberts and Kenworthy (95) studied the effects of temperature 
and nutrition on growth of the strawberry plant in a nutrient medium. 
They found that a root temperature of 65 and 75°F. produced maximum 
vegetative growth of all aerial plant parts, regardless of the concen­
tration of the nutrient medium.
Clark (25) reported that plants of the Howard 17 strawberry made 
the greatest total growth when the pH of the nutrient medium was 4.6 
when nitrate was the nitrogen source, and 6.4 when ammonium was the 
nitrogen source. He substantiated these results later in a culture 
solution study (26). In a field test to determine optimum pH for 
plant growth he found the best top growth in Keyport loamy sand at 
a pH of 5.2, and in Sassafras loam at 6.4.
Proebsting (90) reported that strawberry plant growth was 
reduced sharply at root temperatures of 45 and 90°F. Best runner 
production and growth (dry weight basis) occurred at 75°F. Flower 
production was limited to 45 and 55°F., and the top-root ratio was low 
at low temperatures.
Minges et al (76) concluded that the use of commercial ferti­
lizers was of no benefit in increasing the yield of strawberries in 
Iowa.
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Collison (28) conducting fertilizer experiments on strawberries 
in New York found that manure depressed yield, but commercial ferti­
lizers significantly increased the yield when applied in June only 
or in June and August. Manure used with commercial fertilizer gave 
no significant yield Increases over the control.
Lineberry et al (65), studying the fertilizer requirements for 
strawberries on new land (Coxville fine sandy loam) in North Carolina, 
found that nitrogen and phosphorous or these two plus potassium were 
necessary for satisfactory fruit production in the first fruiting 
year. Of the three rates of nitrogen used, 60 pounds per acre was the 
maximum found to be satisfactory, as higher rates gave excessive 
plant growth and reduced yields.
Cottonseed meal used without phosphorous but with potassium 
(7-0-6 formula) gave better yields than urea in the same formulation.
Cooper and Vaile (30) in Arkansas showed that 14 years of 
fertilization with a complete fertilizer gave an average annual 
increase in yield of 21 crates per acre over no fertilizer. The use 
of a fertilizer containing only phosphorous and potassium resulted 
in a mean increase of 17 crates per acre. When nitrogen was used in 
combination with phosphorous or potassium yields were significantly 
lower than that for complete fertilizer. A complete fertilizer plus 
manure applied at the rate of 10 tons per acre over a ten year period 
yielded no higher than the control (no fertilizer). Their data 
indicated to them that soil moisture was the limiting factor with 
manure and that it could be used profitably with a complete fertilizer
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if the soil moisture is suitable. One thousand pounds of complete 
fertilizer per acre applied in March was as effective as 500 pounds 
applied in March and 500 pounds applied in August and more effective 
than 1,000 pounds applied in August, as this practice produced a 
salt concentration in the soil too high for the plants and phyto­
toxicity resulted. They concluded that with a favorable moisture 
supply the use of a complete fertilizer, alone or with manure, would 
profitably increase the number of flower clusters, flowers per 
cluster, and the number and size of marketable fruit. The best soil 
was one of moderate acidity and intermediate texture. Sodium nitrate 
top dressings applied at the rate of 100 pounds per acre in February 
produced significant increases in yield but were not as satisfactory 
as 250 pounds of a complete fertilizer per acre applied at the same 
time. They also found that the heavier the soil the more nearly a 
single fertilizer application would suffice. Fertilizer applications 
after harvest increased new plant production and flower bud initiation 
and in February promoted plant growth and full development of flowers 
and fruit.
Szymoniak (107, 108, 109) found that a complete fertilizer 
applied to the flatwoods soils of Louisiana increased yields of straw­
berries as compared to no fertilizer, or nitrogen, phosphorous, or 
potassium used alone * He also found (108) that the use of a complete 
fertilizer during an abnormally dry season reduced yields.
Waltman (117) studied the nitrogen and phosphorous relationships 
of strawberries grown in Kentucky in a soil with a high native phospho­
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rous content. He found that with the application of sodium nitrate 
In the spring yields In six of seven varieties were reduced below 
that of the control. Four of the seven varieties had yields reduced 
more by September and April nitrogen applications than by April 
applications only. He concluded that on the fertile blue grass soils 
fall nitrogen applications were beneficial only to varieties that were 
poor plant producers because spring or fall plus spring applications 
to varieties that were prolific plant producers caused reduced yields'.
Wilson (130) compared the effects of four rates of phosphorous 
at 60 pounds per acre each of nitrogen and potash (K2O) on the early 
and total yield of strawberries. In an area on Louisiana flatwoods 
soil that had been in highly-fertilized truck crops for several years 
previously, he found that 180 pounds of phosphate (P2O5) produced a 
total yield of 21 crates per acre more than 60 or 120 pounds. Later 
(131), using the same fertilizer rates, he reported that 240 pounds of 
phosphate produced significantly higher early yields than the 60 
pound rate and that the 120, 180, and 240 pound rates produced signi­
ficantly higher total yields.
In an area of the same soil that had not been in truck crop 
production previously and using the same four rates of fertilizer he 
(131) found that 120 pounds of phosphate produced significant increases 
in early and total yields, but these were not markedly different from 
that of the 180 and 240 pound rates.
Wilson (125) found that cottonseed meal mixed with phosphorous 
and potassium sources to give a 1-3-1 ratio of nitrogen, P2O5 , an<*
32
K2O applied at the rate of 1,500 pounds per acre gave an Increase of 
43 crates of strawberries per acre as compared to sodium nitrate in 
a similar formulation and rate of application. Later work by Wilson 
(128, 129, 132) showed that tung meal was as effective as cottonseed 
meal as a source of nitrogen, and in one year it was also as effective 
as urea or soybean meal.
Six years of results in a time of fertilizer application study 
by Wilson (127) showed that 750 pounds per acre of 4-12-4 applied in . 
the row before planting and again as top-dressing after scraping 
(before mulching) produced the best yields.
Jahn and Crosby (55) studied the effect of several nitrogen 
carriers on strawberry plants grown in glazed crocks in the greenhouse. 
Ammonium nitrate and sodium nitrate produced a significant increase 
in leaf area, runner growth, and plant weight as compared to the control, 
uramite, and pitorganite, the latter two differing very little from 
the control.
Kirsch (60) studied the interaction effects of fertilizer and 
lime on strawberries. In Olympic silt loam nitrogen applied at the 
rate of 30 pounds per acre significantly increased yields over the 
control but failed to show an interaction with phosphorous, potassium, 
or lime.
In Williamette silt loam, however, nitrogen increased yields 
when phosphorous was not applied, and phosphorous increased them when 
nitrogen was not applied. When all or one half of the total nitrogen 
received was applied in the spring, it also increased the yield of cull 
fruit (60).
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Voth et al (114) found that in southern California fertilizer 
nitrogen significantly increased yields over the no-nitrogen treatment. 
One hundred and fifty pounds of ammonium nitrate nitrogen per acre 
produced significant yield increases over 75 pounds with the Solana and 
Lassen varieties, but with Lassen this difference was not of economic 
importance. Differences in the Lassen yields for 75 pounds of nitrogen 
were distributed throughout the season, but the differences in Solana 
yields occurred entirely during the May harvest, and for Solana the 
difference due to 150 pounds of nitrogen was shown in the June 
harvests. Nitrogen rates of 0 to 300 pounds per acre had no effect 
on fruit size.
Cannell (23) applied ammonium sulfate at 50 and 100 pounds per 
acre in three equal applications to strawberries in southern California. 
He showed that irrigation in sufficient amounts to give a high soil 
moisture caused maximum yields and large plants at high rates of 
nitrogen. High moisture also increased yields at low nitrogen rates.
Cannell et al (23) compared the effects of sprinkler and furrow 
irrigation on yields of strawberries fertilized with 50 and 100 pounds 
of ammonium sulfate per acre. Irrigation was used to maintain low, 
medium, and high moisture levels, and the nitrogen source was applied 
in three equal amounts. High moisture as provided by furrow irri­
gation increased yields, plant size, and the number of decayed berries 
significantly over medium and low moisture and showed a consistent 
trend to increase the total yield response at higher nitrogen rates.
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Simmons (99) concluded that supplemental irrigation in the 
midwest region was feasible and effective for strawberry production 
where rainfall is inadequate to maintain soil moisture at field 
capacity in the root zone.
Kelley (56) found that 4 pounds of urea formaldehyde per cubic 
yard of soil gave better growth response by woody ornamentals when 
incorporated with soil as compared to applying it on the soil surface,
Kender and Childers (58) found that urea formaldehyde produced 
significantly greater runner growth, fresh weight, and late season 
growth than ammonium sulfate, urea, or calcium nitrate. Ammonium 
sulfate gave the poorest growth.
Chandler (23) reported that applications of sodium nitrate or 
dried blood in the spring before harvest produced larger but softer 
strawberries of poor quality and color. Applications of these 
materials also caused plants to wilt worse in a dry season.
Greve and Shoemaker (47) reported that 250 pounds per acre of 
cither ammonium sulfate or sodium nitrate applied in the spring to 
the Premier variety of strawberry caused slightly softer berries. The 
treated berries contained less total and reducing sugars and showed a 
lower pH than the control.
Darrow (33) found that applications of a complete fertilizer 
produced softer strawberries, and sodium nitrate or ammonium sulfate 
produced firmer berries than the control. He stated that generally 
where leaf growth was least, berries were firmest and vice versa.
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Overhalser and Claypool (86) showed that increasing the rate 
of fertilizer nitrogen increased softness of strawberries and that 
nitrogen and phosphorous applied either singly or in combination 
resulted in softer fruit than the control.
Haut et al (49) reported that nitrogen applications of 0 to 150 
pounds per acre per year for four consecutive years caused no 
differences in firmness, soluble solids, or titratable acidity of 
strawberries grown in the matted row system.
Simmons (99) studied the effects of irrigation on the quality of 
strawberry fruit. He found that irrigation had no effect on percent 
soluble solids or pH of the juice. During one year, however, juice of 
the Vermillion variety had a higher pH than that of Howard Premier, and 
for two years the former variety had a higher soluble solids content.
Kirsch (60) reported that urea nitrogen applications of 9, 30,
60, and 120 pounds per acre had no consistent effept on the quality 
of strawberry fruit.
Boynton and Burrell (12) stated that ammonium sulfate appli­
cations resulting in an average leaf nitrogen content above 2.15
percent reduced color of apples more than lesser applications.
Eggert et al (36) found that a low leaf nitrogen content of 1.90 
percent resulted in firmer apples at harvest than a high nitrogen 
content of 2.5 percent.
Bradley and Fleming (15) in a two-year study with watermelons 
found that nitrogenous and phosphatic fertilizers applied at rates 
of 60 pounds of nitrogen and phosphorus resulted in a significant 
interaction to increase the soluble solids content of the fruit.
MATERIALS AND METHODS
This study consisted of a number of individual experiments
which were conducted with strawberries and a strawberry soil in
the field, in the greenhouse, and in controlled temperature storage 
»
rooms during the period of 1962-64.
Two field tests were conducted. The first was a top-dressing 
study using ammonium nitrate applied to a straw-mulched planting 
in the spring of 1962. The second was a comparison of two forms of 
fertilizer nitrogen applied before planting in the fall of 1963.
A leaching test was conducted with different sources of 
nitrogen (sodium nitrate, ammonium nitrate, ammonium sulfate, urea, 
urea formaldehyde, and cottonseed meal) applied to plants grown in 
12 inch plastic pots in an unheated, open-end, plastic greenhouse 
in 1962-63 and repeated after some modification in 1963-64. A no­
nitrogen (control) treatment was also included in this study. Here­
after urea formaldehyde and cottonseed meal are referred to as UF 
and GSM respectively.
The same six sources of nitrogen and a control were compared 
for their relative effects on nitrification in soil maintained at 
one of three temperatures during the fall of 1964. Two controlled 
temperature storage rooms and a room temperature chamber were used 




Each of these studies was designed to investigate one or more 
of the following factors considered important in strawberry nutrition. 
(1) the effects of source of fertilizer nitrogen, water application, 
and soil temperature on the nitrate content, nitrate production, 
amount of nitrates leached, and the exchangeable amnonia content and 
pH in a typical strawberry soil, (2) the total nitrogen content of 
strawberry plant tissue, and (3) yield and quality of fruit.
The soil used in these studies, Olivier silt loam, is a planosol 
with a fragipan and corresponds to the sub order "aquic Fragiudalfs" 
in the Seventh Approximation (102). This particular soil contained
0.0957 percent nitrogen, 1.226 percent organic matter, and had a pH 
of 4.9 at the outset of this research. It also contained 6.11 ppm 
exchangeable hydrogen, 5.96 ppm phosphorous (very low), 194.0 ppm 
potassium (high), 475 ppm calcium (very low), 375 ppm magnesium 
(high) and 115 ppm sodium. The exchange capacity was 11.03 milli- 
equivalents per 100 grams. It was selected because (1) it is similar 
to the predominant soil series (Springfield silt loam) in the straw­
berry producing areas of Livingston Parish, Louisiana, (2) moving 
the large volume of soil necessary for several experiments to the 
station would have been impractical, and (3) Olivier silt loam was 
readily available on the station while Springfield silt loam was not.
The Dabreak variety was used in all tests involving the use of 
plants. In addition, the Headliner variety was also used, in a field 
test conducted in 1962 involving spring applications of tiltrogen.
38
Nitrification Study
Six sources of nitrogen each applied at the rate of 30 ppm 
of nitrogen, were used to treat soil samples that were to be incubated 
at 35°F., 60°F. and room temperature (mean = 80°F.) for periods from 
three to 49 days. After the desired period of incubation the entire 
sample was placed in frozen storage at minus 20°F. until nitrate 
nitrogen content could be determined.
Nitrogen Leaching Study
Leaching tests were conducted from November to May in 1962-63 
and 1963-64 in an unheated, plastic greenhouse with screened ends.
Pots containing soil and plants, or soil only, were fertilized with 
six nitrogen sources, watered at either two or three rates of appli­
cation, and leached at regular intervals. Soil samples, periodically 
taken from each pot, and leachate samples, were placed in frozen 
storage at minus 20°F. Nitrate and ammonium-nitrogen, percent moisture, 
and pH analyses were conducted on soil samples. Nitrate determi­
nations were made on leachate samples.
Plants minus the roots were harvested in May from the 1963-64 
test, dried at 80°C. for 24 hours, ground in a Wiley No. 1 mill, and 
stored in sample jars for total nitrogen determinations.
Nitrogen Top-Dressing Field Study
Plots of the Dabreak and Headliner varieties were top-dressed 
with ammonium nitrate in single and split applications in the spring 
of 1962. The fruit was harvested twice each week, and yields were 
graded and recorded.
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Samples of the harvested fruit were moved to the laboratory, 
and firmness, soluble solids, titratable acids, and percent dry 
matter were determined.
Fertilizer Nitrogen Field Study
A test was conducted from September to May of 1963-64 in a 
strawberry field to study the effects of form of fertilizer nitrogen 
on the nitrate content of the soil during the growing and fruiting 
season.
On October 1, 1963 each of two plots received 68, 136, and 68 
pounds of N., P205» an(* K2® Per acre respectively. In one plot all 
of the nitrogen was applied as ammonium nitrate only. In the other 
plot 54 pounds of nitrogen per acre was applied as ammonium nitrate 
and 14 pounds as cottonseed meal. Soil samples were taken before 
applying fertilizer and during the growing season to determine its 
nitrate content. Duritig the harvest season fruit were harvested 
twice each week, and yields were graded and recorded. Soil temper­
atures were recorded at frequent intervals during the season with a 
potentiometer for thermocouples placed at -12, -6, -1, + 1, and +6 
inches.
Nitrogen Determinations
Total nitrogen in plant tissue was determined by the modified 
Kjeldahl method and soil nitrates by the phenol-di-sulfonic acid 
method (52). Leachate nitrate was determined by a modification of 
this method listed in the Appendix, page 187,
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Exchangeable ammonia in the soil samples was determined by the 
method of Jackson (52), with the modification that KC1 was used in 
preference to NaCl as the extracting solution.
Detailed descriptions of procedures used in these studies im­
mediately precede the results of each experiment.
EXPERIMENTAL RESULTS
I. NITRIFICATION STUDY
The soil to be used in this test was removed from the field, 
spread immediately on a greenhouse bench, and air-dried with daily 
stirring for three days. After screening through a 15-mesh window 
screen, it was stored for a short period in 12 inch plastic pots.
Before adding the six fertilizer materials listed on page 36 
an amount of soil sufficiently large to provide three replications 
for each treatment at each incubation temperature was weighed into 
a large, shallow, plastic pan. It was spread smoothly, and the 
fertilizer materials wete applied evenly at the rate of 30 ppm of 
nitrogen to the surface and mixed by repeatedly stirring and turning 
the mixture. The moisture content was adjusted .to 14.34 percent or 
60 percent of field capacity. Sixty ppm P2O5 an<* 30 ppm K2O in the 
form of superphosphate and muriate of potash respectively were added 
to each lot before mixing.
Wet samples containing 200 grams of soil on an oven dry basis 
were weighed into one-pint ice cream cups lined with a polyethylene 
bag, covered with the lid, and placed immediately at the appropri­
ate incubation temperature.
The incubation temperatures were 35°F., 60°F., and room temper­
ature. Samples incubated at room temperature were placed in an
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office (mean temperature of 80°F. with a range of 73 to 87°F.).
The 35 and 60°F. temperatures were maintained in storage rooms by 
thermostatically controlled air conditioning units. Relative hu­
midity in these two rooms was 85 percent in the 35°F. room and 90 
percent in the 60°F. room. At room temperature the relative hu­
midity was approximately 50-60 percent.
Upon completion of an incubation period, samples so designated 
were removed, frozen at minus 20°F., and stored at this temperature 
until nitrate nitrogen content could be determined.
To determine nitrate nitrogen the frozen samples were allowed 
to thaw for approximately one hour. The three replications of each 
treatment were combined and mixed, and duplicate samples for nitrate 
and moisture determinations were weighed and used in the analyses.
The nitrate content of the air dry soil before adding ferti­
lizer materials was less than one ppm.
The original 30 ppm of nitrate nitrogen applied in sodium 
nitrate treated samples incubated at 35°F. was not recovered during 
any of the incubation periods except 49 days (Figure 1). However, 
between 12 and 16 ppm were recovered from the ammonium nitrate 
treated samples at all incubation periods, except at three days. 
Since the maximum nitrate content measured in samples treated with 
either of these materials was never more than two ppm above the 
original amount added as nitrate, it appears likely that nitrifi­
cation was very limited.
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Figure 1. The effect of time and source of nitrogen on the nitrate nitrogen and moisture contents of 
the soil incubated at 35° F.
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Ammonium sulfate, urea, CSM, UF, and the control gave one ppm 
of nitrate or less after three days of incubation and two ppm or 
less after 49 days of incubation at 35°F. Generally, differences 
in the nitrate content from these sources occurring during any incu­
bation period were so slight as to appear negligible. There was a 
trend toward more nitrates at the longer incubation periods at this 
temperature as compared to the three-day period.
The moisture content of the samples incubated at 35°F. showed 
only slight reductions with increasing lengths of the incubation 
period. The average percent moisture for all samples decreased from 
10.5 after three days of incubation to 7.0 after 49 days. The average 
relative humidity of the 35°F. incubation room was 85 percent.
The nitrate nitrogen content and percent moisture of soils 
treated with the six nitrogen sources and incubated for increasing 
periods of time at 60°F. are shown in Figure 2. It is apparent that 
considerably more nitrification occurred at 60°F. than at 35°F.
Although the nitrate content of samples treated with sodium 
nitrate were somewhat variable after different incubation periods, 
the amount recovered at this temperature after any incubation period 
was approximately equal to that recovered at 35°F. The most nitrate 
recovered from the sodium nitrate treated samples was at the 21 day 
incubation period. After 21 and 49 days of incubation successively 
smaller amounts were recovered.
The ammonium nitrate treated samples yielded 15 ppm of nitrate 
after the three and seven-day incubation periods, 17 ppm after 21 
and 28 days, and 18 ppm after 49 days of incubation.
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Figure 2. The effect of time and source of nitrogen on the nitrate nitrogen and moisture contents 
of the soil incubated at 60° F. 4*Ui
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Of the reduced forms of nitrogen applied and incubated at 60°F., 
urea and ammonium sulfate showed the greatest nitrate accumulation, 
giving seven and six ppm of nitrate nitrogen respectively at 49 days 
and five ppm at 28 days. There was an increase in the nitrate content 
of samples treated with the reduced forms of nitrogen up to 4.3 ppm 
with an incubation period as long as 14 days, a slight decrease at 21 
days, and another increase at 28 days.
The average moisture content of the samples decreased with in­
creasing periods of incubation but remained slightly higher, in 
general, than for corresponding incubation periods at 35°F. The aver­
age relative humidity of the 60°F. incubation room was 90 percent.
Figure 3 shows the nitrate nitrogen content and percent moisture 
of samples incubated at room temperature. Considerably more nitrates 
accumulated in soil held at this temperature than at 60 or 35°F.
The nitrate values for the sodium nitrate treated samples show 
approximately 100 percent recovery of the added nitrate after three 
days, with increasing amounts of up to 41 ppm after 14 days of incu­
bation, after which a progressive decrease occurred at 28 and 49 days. 
At 21 days a sudden decline occurred below the values for any of the 
other incubation periods at room temperature.
The ammonium nitrate treated samples showed variations from 14 
ppm of nitrate nitrogen after three days of incubation to 19 ppm after 
49 days.
The other sources of nitrogen used generally gave increases in 






Figure-3. The effect of time and source of nitrogen on the nitrate nitrogen and moisture contents 
of the soil incubated at room temperature.
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Urea and ammonium sulfate gave progressively higher amounts of 
nitrate as the length of the Incubation period Increased up to 49 days. 
They produced approximately the same amount of nitrates in a given 
incubation period except at 49 days for urea and 21 days for ammonium 
sulfate. At 21 days ammonium sulfate gave an unusually high value of 
16' ppm of nitrate as compared to seven ppm for urea. This value for 
ammonium sulfate compares favorably to the value for ammonium nitrate.
The control produced a nitrate accumulation equal to that for 
urea and ammonium sulfate at three, 14, and 21 days of incubation.
After three days of incubation CSM, urea, UF, ammonium sulfate, 
and the control all gave equal nitrate values.
The average percent moisture in the samples showed a reduction, 
even after three days of incubation. At 49 days, it had reached an 
average of three percent.
The data shown in Figures 1, 2, and 3 are arranged in Table I 
according to the nitrogen source and the length of the incubation 
period. It permits a ready comparison of the effect of each incu­
bation temperature on the nitrification of individual nitrogen sources.
The samples treated with sodium nitrate gave inconsistent yields 
of nitrate nitrogen, amounting to less than 30 ppm when incubated at 
35 or 60°F., with the exceptions of samples incubated for 49 days at 
35°F. and for 21 days at 60°F. Samples incubated for seven days at 
35°F. gave 29,3 ppm of nitrate. The samples of this treatment that 
were incubated at room temperature gave slight increases above 30 ppm, 
except at three and 21 days.
Table I. The Effect of Time, Temperature, and Source of Nitrogen
on the Nitrate Content of Incubated Soil Samples.
SOURCE OF INCUBATION INCUBATION PERIOD - DAYS
NITROGEN TEMP. F. 3 7 14 21 28 49 Mean
35 25.8 29.3
PPM NO3-N 
24.3 24.4 27.4 31.5 27.1
NaN03 60 26.7 22.1 26.5 33.8 28.6 24.2 26.9
Room 29.5 34.3 40.6 23.3 34.9 31.0 32.3
Mean 27.3 28.5 30.5 27.2 30.3 28.9 28.8
35 11.2 16.5 16.2 12.0 14.9 15.5 14.4
NH4NO3 60 14.5 14.9 17.4 17.2 17.6 18.2 16.6
Room 14.1 16.7 18.3 17.2 18.6 18.6 17.3
Mean 13.3 16.0 17.3 15.5 17.0 17.4 16.1
35 1.0 1.0 1.7 1.0 2.1 3.5 1.7
(NH4)2S04 60 0.3 1.7 4.3 3.4 4.5 5.9 3.4
Room 0.7 3.5 5.5 16.1 7.8 8.7 7.1
Mean 0.9 2.1 3.8 6.8 4.8 6.0 4.1
35 0.1 1.0 1.7 1.2 2.1 2.5 1.4
Urea 60 0.3 2.6 3.9 3.4 4.9 6.7 3.6
Room 1.0 3.5 6.0 6.9 8.0 10.5 5.9
Mean 0.5 2.4 3.9 3.8 5.0 6.6 3.6
35 0.1 1.0 2.6 2.6 1.2 1.7 1.5
UF 60 0.7 1.7 3.9 2.5 3.9 4.3 2.8
Room 0.7 3.0 5.4 6.6 6.7 6.7 3.7
Mean 0.5 1.9 3.9 3.9 3.9 4.2 2.7
35 0.1 1.7 2.2 1.7 1.2 1.7 1.4
CSM 60 0.3 1.7 3.9 2.6 4.2 4.1 2.8
Room 0.9 2.9 5.3 5.2 5.2 6.9 4.4
Mean 0.4 2.1 3.8 3.2 3.5 4.2 2.9
35 0.1 1.7 2.9 1.7 1.7 1.7 1.6
Control 60 0.7 2.3 4.1 3.4 4.6 4.3 3.2
Room 1.3 3.5 7.1 7.2 5.9 5.9 5.2
Mean 0.7 2.5 4.7 4.1 4.1 3.9 3.3
Mean 6.2 7.9 9.7 9.2 9.8 10.2 8.8
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The samples treated with ammonium nitrate yielded from 11.2 ppm 
of nitrate after three days of incubation at 35°F. to 18.6 ppm after 
28 or 49 days of incubation at'room temperature. A yield of 15 ppm 
would have been equivalent to the nitrate nitrogen content of the 
original source when added to the soil.
With all other sources, (ammonium sulfate, urea, UF, and CSM), 
there was an increase in the nitrate content of the soil as the 
incubation temperature increased. This was also evident in the con­
trol samples. When the nitrate content of samples treated with these 
sources is compared with the corresponding control it can be seen that 
it is generally of similar magnitude, thus indicating little, if any, 
increase in nitrate nitrogen due to any of these four sources.
The nitrate content of each sample, when considered as an aver­
age of the three incubation temperatures combined, increased as the 
length of the incubation period increased, except for sodium nitrate 
treated samples which gave constant amounts +  three ppm at all peri­
ods of incubation. In this respect ammonium sulfate gave an average 
increase of approximately five ppm while urea, UF, and CSM gave an 
average increase of approximately four ppm and the control three ppm 
when incubated for 49 days.
The average nitrate content of each sample when considered as 
the mean of incubation temperature plus source of nitrogen increased 
from 6.2 ppm after three days of incubation to 10.2 ppm after 49 days.
The higher the incubation temperature the higher the average 
nitrate content of samples treated with each source of nitrogen and
I
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the control. Urea formaldehyde gave the smallest Increase, approxi­
mately two ppm, and ammonium sulfate gave the largest Increase, ap­
proximately six ppm, in samples incubated at room temperature as 
compared to 35°F.
With all nitrogen sources the largest increases in nitrate ac­
cumulation occurred at room temperature. The samples treated with 
sources containing no nitrate nitrogen showed considerably more 
increase in nitrate content at all incubation temperatures than sodium 
nitrate and ammonium nitrate, but these increases were not greater
than that in control samples.
Table II gives the moisture content of the soil samples treated
with the six sources of nitrogen and the control at the time of
nitrate analysis. The average percent moisture decreased as the length 
of incubation period increased at each incubation temperature. The 
samples incubated at room temperature contained less average moisture 
than samples from either of the 35 or 60°F. incubation temperatures, 
the latter two showing only slight differences between them.
While the CSM treatment resulted in soil moisture contents con­
sistently lower than the mean for a given incubation period, the other 
nitrogen sources as well as the control, gave values somewhat incon­
sistent as to their position above or below the mean.
The moisture content of the soil samples, when expressed as an 
average of all nitrogen treatments within a given incubation tempera­
ture, decreased as the length of the incubation period increased.
When expressed as an average of all nitrogen treatments and incubation
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Table II. The Effect of Time, Temperature, and Source of Nitrogen
on the Moisture Content of Incubated Soil Samples.
SOURCE OF INCUBATION INCUBATION PERIOD - DAYS
NITROGEN TEMP. F. 3 7 14 21 28 49 Mean
NaN03 11.11 9.40
Percent Moisture 
9.41 9.77 8.58 7.64 9.32
(NH4>2S04 10.62 10.38 9.89 9.17 7.99 6.49 9.09
NH4NO3 10.25 9.77 9.78 9.40 8.46 7.06 9.12
Urea 35 10.13 10.38 9.89 9.29 7.64 7.17 9.08
UF 10.74 10.25 9.41 9.29 7.87 6.04 8.93
CSM 9.77 9.89 9.53 8.88 7.41 6.84 8.72
Control 10.98 10.25 10.38 9.65 8.93 7.17 9.61
Mean 10.51 10.04 9.76 9.35 8.13 6.92 9.12
NaN03 10.25 10.38 10.25 9.77 8.46 7.41 9.42
(NH4)2S04 11.36 9.89 10.01 9.53 8.46 7.53 9.46
NH4NO3 9.17 10.25 9.78 10.74 8.58 6.84 9.23
Urea 60 10.49 9.53 10.13 9.89 9.05 7.64 9.45
UF 10.25 9.89 9.78 9.17 8.69 6.61 9.07
CSM 9.41 9.65 9.17 9.65 8.58 6.95 8.90
Control 10.86 10.37 11.98 9.77 9.77 6.95 9.95
Mean 10.25 9.99 10.16 9.79 8.80 7.13 9.35
NaN03 8.81 8.81 5.59 5.82 4.06 3.41 6.08
(NH4)2S04 9.77 8.46 5.71 5.37 3.73 3.31 6.06
NH4NO3 8.69 7.53 5.93 5.82 3.52 3.41 5.81
Urea Room 8.81 7.99 6.95 5.93 3.52 3.52 6.12
UF 8.93 7.41 7.06 5.15 3.73 3.11 5.89
CSM 7.87 6.72 5.15 4.17 3.11 3.20 5.04
Control 7.76 7.53 5.82 5.82 3.73 3.30 5.66
Mean 8.66 7.78 6.03 5.44 3.63 3.32 5.97
Mean 9.80 9.27 8.65 8.28 6.85 5.79 8.15
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temperatures it showed a similar relationship, decreasing from 9.80 
percent after three days of incubation to 8.15 percent after 49 days.
Similarly, the moisture content of the soil samples, when ex­
pressed as the average of all nitrogen treatments within a given incu­
bation period, decreased as the incubation temperature increased.
Cottonseed meal, considered as an average of all incubation 
periods, resulted in consistently lower soil moisture contents at all 
incubation temperatures than the other sources.
The data in Table III are taken from Table II and are expressed 
as percent of applied nitrogen (30 ppm) recovered as nitrate nitrogen.
Since the nitrate nitrogen content of the soil was less than 
one ppm before adding nitrogen, the percentages recovered above 100 
in sodium nitrate samples, above 50 in ammonium nitrate samples and 
above one in ammonium sulfate, urea, UF, and CSM samples are indi­
cations of the amount of increase due to nitrification, either of the 
reduced forms of applied nitrogen or a portion of the native nitrogen 
present in organic matter or both.
The percent increases for the control are based on the addition 
of 30 ppm nitrogen to the treated samples to permit a comparison of 
the relative percent increase in the control with the treated samples.
Each of the sources of nitrogen and the control gave an Increase 
in the average percent recovered as nitrate up to 14 days of incu­
bation and a decrease at 21 days, except in ammonium sulfate and CSM 
treated samples. Ammonium sulfate showed a decrease at 28 days while 
the remaining treatments and the control gave varying amounts of in­
crease.
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Table III. The E£fect of Time* Temperature, and Source of Nitrogen
on the Amount of Nitrate Nitrogen Present In Incubated
Soli Samples.
SOURCE OF INCUBATION INCUBATION PERIOD - DAYS















































































































































































Mean 1.9 8.2 15.3 13.6 13,6 13.2 11.0
Average 20.4 26.4 31.8 30.6 32.7 33.9 29.4
^Expressed as percent of nitrogen applied as fertiliser.
^Expressed as percent of 30 ppm, the amount cif nitrogen applied to 
the samples of other treatments.
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The average percent recovery for all samples considered col­
lectively generally Increased as the length of the Incubation period 
Increased.
The average percent recovery Increased In samples of all 
treatments and the control as the Incubation temperature Increased, 
except for sodium nitrate treated samples Incubated at 60°F. In this 
respect the urea and ammonium sulfate treated samples gave the largest 
percent recovered of any of the reduced forms of nitrogen.
II. NITROGEN LEACHING STUDY
Experiment In 1962-63
Olivier silt loam soil (topsoil) was taken from the Essen Lane 
Horticulture Farm and placed in a covered area on a concrete floor to 
dry. When dry and prior to adding fertilizer materials, it was 
shredded and mixed.
Nitrogen fertilizer materials consisted of three readily availa­
ble sources and three more slowly available sources applied at the 
rates shown in Table IV. Superphosphate and muriate of potash were 
added to each treatment lot in amounts to supply P2O5 and K2O at the 
rates of 60 and 30 ppm respectively. The appropriate amount of each 
nitrogen, phosphorous, and potassium carrier was weighed and mixed 
prior to addition to the soil. Fertilizer materials were applied on 
the basis of 2 ,000,000 pounds of dry soil per acre to a depth of six 
inches.
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Table IV. The Sources and Rates of Nitrogen Applied to Pots 
In the Leachate Test in 1962-63 and 1963-64.
SOURCE OF NITROGEN





















18. 0 0 0 0 0 0
(i) p2o5 and KnO applied at 60 and 30 ppm respectively to
all treatments.
*Each treatment received the BNR, NR, and ANR water appli­
cation in 1962-63 and the NR’ and ANR application in 1963- 
64. (Abbreviation explained On page 58.) :
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The appropriate amount of soil for each mixing was weighed and 
spread evenly on a concrete floor to a depth of approximately four 
inches. The mixture of fertilizer materials was spread evenly on the 
surface of the soil and mixed by repeated turnings of the soil with a 
shovel. The amount of moist soil equivalent to 26.7 pounds of dry 
soil was weighed into 12" x 12" plastic pots, moved to the greenhouse, 
and transferred to designated pots which had been previously rigged 
for leaching.
Greenhouse arrangement. Two raised parallel benches measuring 
4' x 361 and lying generally North to South were used to support the 
pots. Holes drilled in the floor of the benches permitted the passage 
of the delivery tubes from the pot to quart sized collection jars 
supported above the ground by a shelf constructed beneath each bench 
(Plate I).
Leaching apparatus. Twelve x twelve inch round plastic pots 
with three round triangular-spaced drainage holes were used. Sepa­
rated tygon thumb disconnects from which the cylindical portion had 
been removed were used to connect the pot to the delivery tube. The 
disconnects were placed through the inside of the bottom of the pot 
so that the flange was positioned flat against the surface on the in­
side. It was held in position by jamming the delivery tube tightly 
against the bottom surface of the pot. The black rubber delivery 
tubes were one fourth inch ID pure gum, and were slipped over the 
protruding end of the disconnects, passed through the floor of the 
bench and into the mouth of the collection jar. A small section of
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Plate I. The Arrangement of Pots and the Method Used to Collect 
Leachate in the Greenhouse in 1962-63 and 1963-64.
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medium fine glass wool was placed directly over the holes inside each 
pot and a one half inch layer of pea gravel was placed over the glass 
wool across the entire bottom. The exterior of all pots was painted 
with aluminum paint to nullify the possible effects of the various pot 
colors on soil temperature.
Experimental design. A randomized block with a split-plot ar­
rangement of sub plots was used. The main plots consisted of three 
levels of water application. Sub plots consisted of nitrogen sources 
and rates. Individual plots consisted of one pot each.
Methods of watering. The amount of tap water applied at each 
level was based on the 20 year weekly rainfall average. The low rate 
was 20 percent below the weekly average, the medium equal to the aver­
age, and the high 20 percent above the average, hereafter called BNR, 
NR and ANR respectively to indicate "below normal rainfall", "normal 
rainfall", and "above normal rainfall". Each rate was applied at 
weekly intervals by measuring the desired volume of water from a 
garden hose into a marked one liter flask and pouring it slowly into 
the pots. One inch of rainfall per pot was equivalent to 683 and 767
milliliters per pot respectively for 1962-63 and 1963-64 based on
2,000,000 pounds of dry soil per acre.
Leachate collection and storage. Due to leakage in many of the
pots the volume of leachate was not measured during 1962-63, Water 
applications were made at two-day intervals to permit timely sampling 
of the leachate, with BNR, NR and ANR rates being applied on Monday, 
Wednesday and Friday of each week respectively. Generally, the pots
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were watered late In the afternoon and allowed to leach until the 
following morning at which time all leaching had ceased and the leach- 
age was collected.*
Leachate samples of approximately 100 milliters were placed in 
doubled polyethylene bags, tied, labeled, and stored immediately at 
minus 20°F.
Planting. Uniform sized plants of the Dabreak variety were 
planted during the week of December 3 at two-day intervals according 
to the water level they were to receive. At planting, 3,310 milli­
liters of water were applied to each pot to bring the soil to field 
capacity. All pots were mulched with approximately two inches of 
pine straw. At the earliest appearance of weeds or grass pots were 
hand weeded.
Temperature records. Continuous records of air temperature and 
relative humidity were maintained with a hygrothermograph placed on 
one of the greenhouse benches. A multipoint continuous recorder with 
thermocouple attachments was used to record the soil temperature in 
the center of the soil mass of each pot in one replication of the NR 
water treatment and air temperature inside and outside the greenhouse.
Soil sampling. At periodic intervals soil samples were taken 
from each pot to a depth of eight inches with a No. 7 cork borer, 
placed in polyethylene bags, and stored at minus 20°F. Only one 
boring from each pot was removed at each sampling.
The effect of source of nitrogen applied at 30 ppm of nitrogen 
on the concentration of nitrate nitrogen in leachate derived from the
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BNR, NR and ANR water treatments is shown In Tables V, VII, and IX 
respectively. Data for the sources applied at rates greater than 30 
ppm are given In Tables VI, VIII, and X. Significant differences 
discussed from these tables are observed by comparing a given nitrogen 
treatment with the appropriate control treatment, unless otherwise 
noted.
Table V gives the results of leaching with the BNR water 
treatment. Generally, the concentration of nitrates In the leachate 
from pots with plants decreased with each succeeding leaching date 
regardless of the source of nitrogen used as fertilizer. There were 
three exceptions as sodium nitrate, ammonium nitrate, and urea showed 
an increase in leachate nitrate collected on December 28 as compared 
to December 17, followed by a rapid decrease.
Nitrates in leachate from pots without plants exhibited some- 
what more inconsistent trends than from pots with plants and a less 
rapid decrease. The most rapid decrease was noted in leachate from 
sodium nitrate and ammonium nitrate treated pots. Less rapid de~ 
creases were noted in the leachate from ammonium sulfate and urea 
treated pots and the control pots. Leachate from UF and CSM treated 
pots showed a general increase in nitrate concentration with each 
succeeding leaching date up to March 8 .
Nitrates were more concentrated in leachate from pots with 
plants than from those without them on the first two leaching dates 
regardless of nitrogen source. However, beginning with the January 14 
leaching date the opposite was true with all nitrogen sources except
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Table V. The Effect of Source of Nitrogen*- on the Concentration of 



















































































































































^Applied at 30 ppm
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CSM treated pots and the control pots, which showed this trend be­
ginning with the February 8 leaching date.
On the last leaching date nitrates were considerably more concen­
trated in leachate from pots without plants than from pots with plants.
Sodium nitrate treated pots with plants gave a significantly 
higher nitrate nitrogen concentration in the leachate collected on 
December 17 and 28, and on January 14, than that from the control pots 
with and without plants. This is also true for leachate collected 
from pots without plants. The concentrations for sodium nitrate 
treated pots are also somewhat higher than for leachate collected on 
these three dates from pots treated with the other sources of nitrogen.
Leachate from ammonium sulfate treated pots with plants con­
tained a significantly higher nitrate concentration on February 22 
only, while that from pots without plants contained significantly 
higher concentrations on February 22, March 8 and 22. The values from 
these pots without plants are similar to those corresponding pots 
treated with urea and ammonium nitrate, except the latter treatment on 
March 22.
Leachate from urea treated pots with plants contained a signifi­
cantly higher nitrate concentration on February 22 only while that 
from pots without plants showed a significantly higher concentration 
on February 22 and March 8 .
Leachate from UF and CSM treated pots with plants showed no 
significant increase in concentration while leachate from these pots 
without plants contained a higher nitrate concentration on March 8 ,
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and a higher concentration than the control pots with plants on 
February 22, March 8 and 22.
Ammonium nitrate plus CSM contributed a significantly higher 
concentration of nitrate than the control in the BNR leachate on 
December 28 and February 22 only, although a strong and consistent 
trend was shown on other dates also in favor of the former treatment 
(Table VI). On February 22 urea applied at 30 and 37 ppm of nitrogen 
and CSM applied at 60 ppm of nitrogen also gave significant increases 
in the nitrate concentration of the leachate.
Increasing the rate of nitrogen applied as urea, UF, and CSM 
did not result in a consistent increase in nitrate concentration in 
the leachate (Table VI). Urea for example, when applied at 37 ppm of 
nitrogen gave a higher nitrate concentration on December :17 and the 
last three leaching dates, but gave a lower one on the other leaching 
dates. Urea formaldehyde, on the other hand, when applied at the 
higher rate of 45 ppm nitrogen gave a higher concentration on the first 
three leaching dates and March 8 , but a lower one on the other dates. 
Cottonseed meal applied at 60 ppm nitrogen gave a lower concentration 
on the first three leaching dates and a higher one on the last four 
dates.
Table VII gives the results of leaching with the NR water 
treatment. As with the BNR treatment (Table V), the concentration of 
nitrates in the leachate from pots with plants showed a general de­
crease with each succeeding leaching date, regardless of the source of 
nitrogen used as fertilizer. A similar trend was exhibited in leachate
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Table VI. The Effect of Source and Rate of Applied Nitrogen on the 
Concentration of Nitrate Nitrogen in the Leachate From 
Pots with Plants in the BNR Water Treatment,
SOURCE OF 
NITROGEN

















Urea 30 16.3 23.2 13.8 11.0 9.9 6.1 1.8
37 26.2 16.1 7.7 6.7 11.2 14.1 2.8
UF 30 19,4 16.3 4.3 7.6 4.3 1.2 0.6
45 21.4 20.2 25.4 7.0 3.7 1.9 0.2
CSM 30 6.9 5.1 15.7 3.9 3.8 0.9 0.1
60 4.6 3.3 6.8 8.4 12.0 4.3 0.8
NH4NO3 + CSM 45 25.4 57.3 36,8 7.2 7.7 4.2 1.7
Control 0 15.8 15.2 27.1 0.7 0.5 0.8 0.1
LSD @  .05 14.1 41.0 32.0 NS 6.6 6.4 7.1
.01 18.9 55.0 42.9 NS 8.9 8.5 9.6
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Table VII. The Effect of Source of Nitrogen on the Concentration 





















NaNO- Plants 124.5 102.1 17.1 11.2 6.1 2.9 0.5 1.7
None 184.3 154.4 8.2 13.1 9.1 7.4 5.2 9.4
(NH4)2SO4 Plants 25.7 10.9 9.3 9.5 10.7 7.0 1.3 0.9
None 25.7 5.9 7.6 10.3 11.1 10.9 12.3 8.7
NH/.NO3 Plants 53.1 59.8 14.1 9.2 8.7 2.9 2.3 0.8"t None 79.7 43.2 6.1 11.2 13.3 11.4 8.1 7.9
Urea Plants 19.1 10.5 9.9 14.4 9.8 8.8 0.2 0.3
None 27.4 12.5 10.7 10.6 16.6 12.8 16.6 10.8
UF Plants 14.1 2.3 5.2 6.5 4.8 1.4 0.1 0.2
None 20.8 6.4 6.3 6.5 6.9 8.5 12.6 4.0
CSM Plants 18.3 3.3 6.4 7.6 7.8 3.6 0.2 0.3
None 23.2 8.1 4.8 6.3 8.7 6.4 7.5 7.7
Control Plants 21.0 11.9 2.7 2.0 0.7 0.9 0.1 0.3
None 23.2 4.5 2.7 3.9 3.3 3.5 3.6 3.1
LSD @ .05 7.3 NS 7.8 5.7 4.9 4.7
.01 “ - NS NS 10.5 7.6 6.6 6.3
^Applied at 30 ppm
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from pots without plants, although the decrease.'was somewhat less 
rapid, generally, than In the leachate from pots with plants. The 
most rapid decrease occurred In leachate derived from sodium nitrate 
treated pots both with and without plants. Generally the nitrate 
concentration was higher in leachate from pots without plants than 
from those with plants, this trend being very marked on the last three 
leaching dates regardless of the nitrogen source.
Only one replication of samples was available from storage for 
the December 11 and January 2 sampling dates. For this reason no 
statistical analysis was made.
Leachate from sodium nitrate treated pots was more concentrated 
than that from pots treated with the other nitrogen sources on the 
first two leaching dates and very similar to urea, ammonium nitrate, 
and ammonium sulfate treated pots without plants on January 30 and 
February 6 . Leachate from pots with plants contained a significantly 
higher concentration of nitrates on January 30. Leachate from pots 
without plants contained significantly more nitrates on the last four 
sampling dates than the control pots with plants but not those with­
out plants. It is probable that the difference in nitrate content of 
leachate collected from this treatment on the first two sampling dates 
is significant also.
Leachate from ammonium sulfate treated pots with plants contained 
significantly higher amounts of nitrates than the control on Febru­
ary 20 and March 6 , while leachate from pots without plants contained 
significantly higher amounts than the control pots with and without 
plants on the last four sampling dates.
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The ammonium nitrate treated pots with plants contributed signi­
ficant amounts of nitrate to the leachate on January 30 and February 20, 
while pots without plants contributed significant amounts on Febru­
ary 20, March 6, and March 20.
The leachate from urea treated pots with plants contained signi­
ficantly more nitrates on February 20 and March 6 while that from pots 
without plants contained significantly greater concentrations on the 
last four sampling dates, as compared to either of the control treatments.
The UF treated pots contributed significant nitrate concentrations 
to the leachate on March 20 only. This was in leachate from pots with­
out plants.
The only significant increases in nitrate concentration of 
leachate from CSM treated pots occurred in that derived from pots 
without plants on February 20, March 20, and April 3. These in­
creases are significant when compared to control pots with plants.
Under the NR water treatment urea applied at 30 ppm of nitrogen 
gave a significantly higher nitrate concentration than the control in 
the leachate on January 30, February 20, and March 6 (Table VIII).
When applied at 37 ppm nitrogen it gave significantly higher concen­
trations on February 20, March 6, and March 20. When applied at 
either rate of nitrogen it generally gave higher concentrations than 
UF and CSM each applied at 30 ppm of nitrogen or at the higher rates 
of 45 and 60 ppm of nitrogen respectively.
Of the four sources of nitrogen shown in Table VIII, UF gave the 
lowest concentrations of nitrate. Ammonium nitrate plus CSM gave the
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Table VIII. The Effect of Source and Rate of Applied Nitrogen on the 
Concentration of Nitrate Nitrogen in the Leachate From 
Pots with Plants in the NR Water Treatment.
SOURCE OF 
NITROGEN

















Urea 30 19.1 10.5 9.9 14.4 9.8 8.6 0.2
37 25.7 16.7 3.8 12.8 21.5 16.7 5.4
UF 30 14.1 2.3 5.2 6.5 4.8 1.4 0.1
45 14.1 5.9 8.3 5.7 3.3 3.5 0.2
CSM 30 18,3 3.3 6.4 7.6 7.8 3.6 0.2
60 15.8 15.4 5.2 7.0 8.1 6.0 0.6
NH4NO3 + CSM 45 65.6 49,8 9.8 10.7 8.5 6.3 2.5
Control 0 21.0 11.9 2.0 0.7 0.9 0.1 0.3
LSD @  .05 7.3 NS 7.8 5.7 4.9
.01 — — NS NS 10.5 7.6 6,6
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highest concentration on the first two leaching dates. This treatment 
gave a significantly higher concentration than the control on 
January 30. It and the CSM treatment applied at 60 ppm of nitrogen 
also gave a significantly higher concentration on March 6 .
The results of leaching with the ANR water treatment are shown 
in Table IX. Apparently this watering treatment markedly altered the 
trend of nitrate removal from pots receiving fertilizer nitrogen, as 
compared to pots receiving the BNR and NR treatments. While the 
sodium nitrate treated pots with plants showed a general decrease in 
nitrate concentration of leachate with each succeeding leaching date, 
those pots without plants gave a consistent concentration (except on 
January 1) for the first four leaching dates. Pots with plants 
treated with the other sources, however, gave relatively low concen­
trations on the first two and the last two leaching dates and higher 
values In February for all and in March for ammonium sulfate, ammonium 
nitrate, and urea.
The leachate from sodium nitrate treated pots with plants con­
tained significantly higher nitrate concentrations on December 18, 
February 4 and 18, and March 4. The same is true for pots without 
plants except that significant differences extend through March 18.
The leachate from pots without plants showed somewhat higher values 
on all leaching dates than pots with plants except on December 18.
Significant increases in nitrate concentration of the leachate 
from ammonium sulfate treated pots with plants occurred on February 4 
and 18 and March 4, while in leachate from pots without plants differ­
ences were significant on all dates after January 21.
Table IX. The Effect of Source of Nitrogen on the Concentration 


















NaN03 Plants 19.0 4.4 8.8 9.8 4.5 0.8 1.4
None 10.2 3.2 12.4 10.7 7.6 6.8 4.7
(NH4)2S04 Plants 2.7 6.3 10.6 13.4 6.5 3.4 0.4
None 2.2 2.7 9.2 15.6 11.4 11.8 9.5
NH4NO3 Plants 9.2 3.8 12.5 11.4 6.9 2.2 1.0
None 5.9 3.0 9.1 8.6 6.7 9.0 5.8
Urea Plants 1.4 2.7 12.2 12.3 8.9 2.9 0.7
None 4.8 3.3 7.1 9.9 7.3 9.9 7.5
UF Plants 1.9 1.3 4.7 4.1 2.7 1.9 1.0
None 2.4 1.4 4.5 5.5 4.3 4.9 3.1
CSM Plants 1.5 1.2 5.5 4.1 2.7 1.0 0.3
None 1.6 2.5 4.9 6.0 4.4 4.8 1.9
Control Plants 4.5 0.9 3.6 1.5 1.0 3.8 0.6
None 2.2 1.1 3.9 3.2 2.6 2.4 1.8
LSD @ .05 4.1 NS 4.0 6.1 3.3 4.2 2.0
.01 5.5 NS 5.4 8.1 4.4 5.6 2.7
^-Applied at 30 ppm
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The leachate from ammonium nitrate treated pots with plants 
contained significantly higher amounts of nitrate than the control on 
December 18, February 4 and 18, and March 4, while that from pots with­
out plants contained significantly higher amounts on February 4,
March 4 and 18, and April 1. Generally, more nitrates were leached 
from pots with plants than from pots without plants on all leaching 
dates through March 4.
Urea treated pots with plants contributed significantly larger 
amounts of nitrates to the leachate than the control on February 4 
and 18, and March 4, while those without plants contributed signifi­
cantly larger amounts on all dates after February 4.
UF and CSM treated pots did not contribute significant amounts 
of nitrates in the leachate on any of the dates shown in the table.
In general, the largest nitrate concentrations occurred in the 
leachate obtained in February from ammonium sulfate, ammonium nitrate 
and urea treated pots with plants and sodium nitrate treated pots 
without plants.
The effects of leaching pots treated with the higher rates of 
nitrogen with the ANR water treatment are shown in Table X. Urea 
applied at 30 and 37 ppm of nitrogen gave significantly higher nitrate 
concentrations than the control in the leachate on February 4, Febru­
ary 18, March 4, and March 18. In addition, CSM applied at 60 ppm 
of nitrogen and the ammonium nitrate plus CSM treatment gave signi­
ficant concentrations on March 4. Urea, UF, and CSM gave generally 
low concentrations of nitrate at the beginning and end of the test 
and relatively higher concentrations on other leaching dates.
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Table X. The Effect of Source and Rate of Applied Nitrogen on the 
Concentration of Nitrate Nitrogen in the Leachate From 
Pots with Plants in the ANR Water Treatment.
SOURCE OF 
NITROGEN















Utea 30 1.4 2.7 12.2 12.3 8.9 2.9 0.7
37 2.3 3.3 11.3 12.3 7.7 3.6 1.3
UF 30 1.9 1.3 4.7 4.1 2.7 1.9 1.0
45 1.9 1.7 5.1 6.2 3.3 1.6 0.2
CSM 30 1.5 1.2 5.5 4.1 2.7 1.0 0.3
60 1.7 1.4 6.9 6.6 5.0 1.6 0.3
NH4NO3 + CSM 45 5.1 2.3 5.2 5.8 5.3 4.4 1.0
Control 0 4.5 0.9 6.9 1.5 1.0 3.8 0.6
LSD @ 0.5 4.1 NS 4.0 6.1 3.3 4.2 2.0
0.1 5.5 NS 5.4 8.1 4.4 5.6 2.7
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Table XI summarizes the nitrate concentration of leachate de­
rived from pots with plants receiving the three water applications 
for the months shown in 1962-63. It permits a comparison of the 
effects of the three water treatments on the amount of nitrates found 
in the leachate.
Of the water treatments applied in December the NR applications 
gave higher nitrate concentrations in the leachate from sodium 
nitrate, ammonium sulfate, CSM, and the control pots, while the BNR 
treatment gave higher concentrations in the leachate from ammonium 
nitrate and UF pots. Urea treated pots gave approximately equal 
concentrations with both water treatments. Invariably the ANR leach­
ate contained the lowest concentration.
The highest nitrate concentrations in leachate collected in 
January occurred in leachate collected from the BNR treatment of 
sodium nitrate, urea, CSM, and control pots, while NR and BNR leach­
ate from ammonium sulfate, ammonium nitrate, and UF treated pots 
contained similar concentrations. ANR leachate contained the lowest 
concentrations at this time also.
For the remaining dates of leaching, differences in nitrate 
concentrations of the leachate as affected by water application are 
somewhat less striking. However it should be noted that UF con­
tributed relatively low concentrations of nitrates in February and 
March while ammonium sulfate, urea, and ammonium nitrate gave rela­
tively high concentrations on a given leaching date in these months.
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Table XI. The Effect of Source of Nitrogen and Water Treatment 
on the Concentration of Nitrate Nitrogen in the 
Leachate From Pots With Plants.
SOURCE OF WATER PPM N0*?-N LEACHED
NITROGEN TREATMENT Dec. Jan. Feb. March Mean
NR 124.5 17.1 11.2 6.1 2.9 0.5 27.1
NaN03 BNR 98.8 70.5 5.1 5.9 1.1 0.5 30.3
ANR 19.0 4.4 8.8 9.8 4.5 0.8 7.9
21.8
NR 25.7 9.3 9.5 10.7 7.0 1.3 10.6
<NH4)2S04 BNR 12.0 12.1 11.9 10.8 2.9 1.2 8.5
ANR 2.7 6.3 10.6 13.4 6.5 3.4 7.1
8.7
NR 53.1 14.1 9.2 8.7 2.9 2.3 15.1
NH4NO3 BNR 83.8 12.5 12.7 17.1 5.5 1.9 22.2
ANR 9.2 3.8 12.5 11.4 6.9 2.2 7.6
15.0
NR 19.1 9.9 14.4 9.8 8.8 0.2 10.4
Urea BNR 16.3 13.8 11.0 9.9 6.1 1.8 9.8
ANR 1.4 2.7 12.2 12.3 8.9 2.9 6 7
9.0
NR 14.1 5.2 6.5 4.8 1.4 0.1 5.3
UF BNR 19.4 4.3 7.6 4.3 1.2 0.6 6.2
ANR 1.9 1.3 4.7 4.1 2.7 1.9 2.8
4.6
NR 18.3 6.4 7.6 7.8 3.6 0.2 7.3
CSM BNR 6.9 15.7 3.9 3.8 0.9 0.1 5.2
ANR 1.5 1.2 5.5 4.1 2.7 1.0 2.7
5.0
NR 21.0 2.7 2.0 0.7 0.9 0.1 1.4
Control BNR 15.8 27.1 0.7 0.5 0.8 0.1 7.5
(Plants) ANR 4.5 0.9 3.6 1.5 1.0 3.8 2.5
3.8
NR 23.2 2.7 3.9 3.3 3.5 3.6 6.7
Control BNR 13.2 15.2 5.2 6.2 5.7 10.6 9.4
(None) ANR 2.2 1.1 3.5 3.2 2.6 2.4 2.5
4.5
Mean 25.4 10.3 7.4 6.6 3.4 1.3
NR • 7.3 NS 7.8 5.7 4.9
LSD @  .05 BNR 14.1 32.0 NS 6.6 6.4 7.1
ANR 4.1 NS 4.0 6.1 3.3 4.2
NR .. NS NS 10.5 7.6 6.6
LSD <a .01 BNR 18.9 49.0 NS 8.9 8.5 9.6
ANR 5.5 NS 5.4 8.1 4.4 5.6
^Applied at 30 ppm.
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The average nitrate concentration in the leachate for the months 
shown in Table XI from December through March decreased progressively 
for this period of time. The average concentration effected by each 
source shows that it decreased in order with sodium nitrate, ammonium 
nitrate, urea, ammonium sulfate, CSM, UF, and the control respectively.
The NR water treatment applied to pots without plants treated 
with each nitrogen source gave leachate more highly concentrated with 
nitrate on the first leaching shown in December than the BNR and ANR 
treatments (Table XII). On the second leaching date shown the BNR 
water treatment gave the highest nitrate concentration except from 
pots treated with urea and UF on the last leaching date in March. 
Generally the ANR water treatment gave lower concentration of nitrates 
than the NR and BNR water treatment.
The leachate from sodium nitrate and ammonium nitrate treated 
pots and the control became progressively less concentrated with 
nitrates as the season progressed. The other sources gave relatively 
high concentrations In the initial leachate, low concentrations in 
January and/or February, then higher concentrations which were more 
or less consistent as the season progressed.
Ammonium sulfate, urea, UF, and CSM gave relatively high concen­
trations in leachate from each water treatment on the last leaching 
date as compared to their respective concentrations in earlier leach­
ate.
As in pots with plants (Table XI), the average nitrate concen­
tration in the leachate from pots without plantsfor the months shown
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Table XII. The Effect of Source of Nitrogen and Water Treatment
on the Concentration of Nitrate Nitrogen in the






Dec. Jan. Feb. March Mean
NR 184.3 8.2 13.1 9.1 7.4 5.2 37.8
NaNO* BNR 88.8 89.6 13.7 10.2 7.5 7.6 36.2
ANR 10.2 3.2 12.4 10.7 7.6 6.8 8.5
27.5
NR 25.7 7.6 10.3 11.1 10.9 12.3 13.0
(NH4)2S04 BNR 4.7 10.8 13.6 22.2 24.5 17.8 15.6
ANR 2.2 2.7 9.2 15.6 11.4 11.8 8.8
12.5
NR 79.7 6.1 11.2 13.3 11.4 8.1 21.6
NH4NO3 BNR 67.2 62.6 18.5 19.2 19.3 15.0 33.6
ANR 5.9 3.0 9.1 8.6 6.7 9.0 7.1
20.8
NR 27.4 10.7 10.6 16.6 12.8 16.6 15.8
Urea BNR 8.9 18.2 13.0 18.5 18.9 6.8 14.1
ANR 4.8 3.3 7.1 9.9 7.3 9.9 7.1
12.3
NR 20.8 6.4 6.5 6.9 8.5 12.6 10.3
UF BNR 8.4 6.2 8.5 9.4 15.3 8.6 9.4
ANR 2.4 1.4 4.5 5.5 4.3 4.9 4.0
7.9
NR 23.2 4.8 6.3 8.7 6.4 7.5 9.5
CSM BNR 4.7 3.5 7.7 11.3 12.4 9.3 8.1
ANR 1.6 2.5 4.9 6.2 4.4 4.8 4.1
7.2
NR 21.0 2.7 2.0 0.7 0.9 0.1 4.6
Control BNR 15.8 27.1 0.7 0.5 0.8 0.1 7.5
(Plants) ANR 4.5 0.9 6.9 1.5 1.0 3.8 3.1
5.1
NR 23.2 2.7 3.9 3.3 3.5 3.6 6.7
Control BNR 13.2 15.2 5.2 6.2 5.7 10.6 9.4
(None) ANR 2.2 1.1 3.5 3.2 2.6 2.4 2.5
6.2
Mean 27.1 12.5 8.4 9.5 8.8 8.1 6.2
NR . 7.3 NS 7.8 5.7 4.9
LSD @  .05 BNR 14.1 32.0 NS 6.6 6.4 7.1
ANR 4.1 NS 4.0 6.1 3.3 4.2
NR . NS NS 10.5 7.6 6.6
LSD @ .01 BNR 18.9 42.9 NS 8.9 8.5 9.6
ANR 5.5 NS 5.4 8.1 4.4 5.6
^Applied at 30 ppm.
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decreased, in general, with successive leaching dates (Table XII).
Also decreasing concentrations occurred in sodium nitrate, ammonium 
nitrate, ammonium sulfate, urea UF, CSM, and the control respectively.
Table XIII shows the effects of level of water application to 
pots with plants on nitrate concentration of the leachate derived from 
each nitrogen source.
All of the sources receiving the NR level of water application 
except UF and CSM applied at 30 ppm of nitrogen and UF at 45 ppm 
contributed significantly higher concentrations of nitrate in the 
leachate than the control treatment. Urea at both rates of application 
gave markedly higher concentrations than the other sources.
Leachate derived from the BNR water application to pots treated 
with sodium nitrate and ammonium nitrate, urea applied at 37 ppm of 
nitrogen, and CSM plus ammonium nitrate at 45 ppm of nitrogen contained 
significantly higher concentrations of nitrate than the control 
treatment. The leachate from these treatments was also markedly more 
concentrated than that from the other sources of nitrogen under this 
water regime as well as corresponding treatments under the NR and 
ANR level of water application.
The nitrate concentration in leachate derived from the various 
sources receiving the ANR level of water application shows much less 
variation due to source of nitrogen than under the BNR and NR water 
treatments. However, sodium nitrate, ammonium sulfate, ammonium 
nitrate and urea applied at 37 ppm contributed significantly higher 
concentrations of nitrate to the leachate than the control treatment.
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Table XIII. The Effect of Hater Treatment and Source of Nitrogen
on the Concentration of Nitrate Nitrogen in the






NR BNR ANR Mean
PPM N03-N LEACHED
NaN03 30 6.6 30.3 7.3 14.7
(nh4)2so4 30 5.6 8.5 6.2 6.8
nh4no3 30 6.5 21.9 6.5 11.6
Ur6a 30 9.2 9.8 5.4 7.5
UF 30 3.0 6.6 2.6 4.1
CSM 30 4.3 5.1 2.3 3.9
Urea 37 10.4 12.0 5.9 9.5
UF 45 3.5 9.9 2.8 5.4
CSM 60 4.5 6.1 3.1 4.6











Mean 5.6 11.8 4.2














When the sources of nitrogen are considered as an average of all 
levels of water application it nay be seen that all nitrogen sources 
except UF applied at 30 ppm and 45 ppm of nitrogen and CSH applied at 
30 and 60 ppm yielded a significantly greater concentration of nitrates 
in the leachate than the control treatment, and of these, sodium 
nitrate and ammonium nitrate gave markedly higher values than other 
sources except urea applied at 37 ppm of nitrogen.
Water application means may also be compared for each nitrogen 
treatment (Table XIII). Generally, the leachate derived from the BNR 
level of water application contained a considerably higher concen­
tration of nitrates for a given nitrogen source than that from the NR 
or ANR water treatment, and two of the sources, sodium nitrate and 
ammonium nitrate, yielded a significant increase.
Table XIV gives the average nitrate concentration of leachate 
from pots without plants for the season by source and water treatment. 
The BNR treatment had the highest leachate concentration for each 
source of nitrogen individually or as an average of all sources.
Sodium nitrate and ammonium nitrate contributed higher nitrate concen­
trations as an average of all water treatments. Ammonium sulfate 
and urea gave intermediate concentrations and UF and CSM gave the 
lowest concentrations. Urea formaldehyde and CSM gave concentrations 
of similar magnitude to the control without plants,
Table XV shows the effect of nitrogen source and water appli­
cation on the nitrate nitrogen content of the soil for March and April 
in pots of the leaching test conducted in 1962-63.
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Table XIV. The Effect of Water Treatment and Source of 
Nitrogen* on the Concentration of: Nitrate 





NR BNR ANR Mean
NaN03 48.9 45.5 7.9 34,1
(NH4 )2S04 11.6 15.8 8.9 12.1
NH4NO3 22.6 39.7 6.8 23.0
Urea 14.8 15.6 7.1 12.5
UF 9.0 8.4 3.3 6.9
CSM 9.1 8.2 3.8 7.0
Control (Plants) 4.9 8.6 2.7 5.4
( None ) 6.8 10.3 2.4 6.5
Mean 15.9 19.0 5.4
^Applied at 30 ppm of nitrogen
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Table XV. The Effect of Source of Nitrogen and Water Application







NR BNR ANR NR BNR ANR
Pots With Plants
NaN03 30 6.4 1.2 7.6 0.5 1.1 1.1
(NH4)2S04 30 18.6 14.5 13.5 7.4 8.3 5.4
NH4NO3 30 19.2 13.9 15.8 2.9 9.5 4.1
Urea 30 10.2 11.2 21.6 5.6 18.7 4.1
37 28.5 25.7 20.4 7.7 19.5 16.4
UF 30 0.6 0.3 2.7 2.7 2.6 0.6
45 2.8 0.9 8.4 0.8 2.6 0.5
CSM 30 2.7 0.8 4.6 0.5 2.5 0.6
60 5.5 9.3 13.3 5.6 5.7 3.1
NH4NO3 + CSM 45 13.2 26.9 16.6 7.5 18.0 8.6
Control 0 0.3 0.8 1.2 0.5 2.6 0.6
Pots Without Plants
NaN03 30 13.7 17.2 17.7 27.5 52.2 16.5
(NH4)2S 04 30 21.2 28.4 31.2 43.6 30.6 24.6
NH^NO^ 30 27.3 24.5 24.2 37.5 36.6 22.2
Urea 30 27.0 26.2 27.3 37.9 39.2 23.3
UF 30 18.2 17.2 17.8 30.9 27.4 18.0
CSM 30 15.6 16.6 15.6 24.9 15.3 12.1
Control 0 8.8 9.2 43.5 13.6 17.8 11.0
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The soil in all pots with plants contained a higher concen­
tration of nitrates in March than in April. The largest differences 
occurred in the ammonium sulfate, ammonium nitrate, urea, and CSM 
plus ammonium nitrate treatments. In pots without plants, however, 
the nitrate content for NR and BNR pots receiving all nitrogen 
treatments was smaller in April than in March while in the ANR pots 
they were larger. In general, the soil in pots without plants con­
tained considerably more nitrates than that in pots with plants.
The ammonium sulfate, ammonium nitrate, urea, and CSM plus 
ammonium nitrate treated pots with plants, regardless of water appli­
cation, contained relatively larger soil nitrate concentrations in 
March and April than the remaining treatments. Urea applied at 37 
ppm of nitrogen was generally the highest except in March under the 
ANR water treatment, and differences between these two treatments 
(urea at the 30 ppm rate of nitrogen) in March were generally greater 
than in April.
Differences between water treatments in pots without plants were 
not very marked.
The data presented in Tables XVI, XVII and XVIII indicate that 
pot position had marked effects on the soil temperature in the pots 
of the 1962-63 leaching test. The pots were supported on a wooden 
bench, the bottom of which consisted of one by six inch planks one to 
two inches apart (Plate 1). Temperatures for pots labeled "West pots" 
consist of the average temperature of three pots located in a North- 
South line on the center aisle of the greenhouse, while those for
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Table XVI. The Effect of Position of the Pots on the Temperature 
at 6 A.M. in the Center of the Soli Mass of Selected 













December 14 31.5 31.9
Degrees Farenhelt 
31.7 27.5 25.0
15 39.6 36.8 37.9 47.0 51.5
16 57.5 57.0 57.8 57.0 55.5
17 55.8 55.0 52.0 47.5 45.0
18 52.0 52.0 52.0 48.0 46.0
January 14 31.8 31.3 32.0 26.0 24.0
15 31.0 31.3 32.0 27.5 26.0
16 31.0 31.3 32.0 27.0 27.0
17 31.0 31.0 31.0 28.5 30.0
18 44.8 43.0 43.0 44.0 42.0
February 15 43.7 44.0 43.0 35.0 33.0
16 37.7 38.8 37.5 30.0 30.0
17 40.3 40.0 40.0 35.0 34.0
18 49.0 49.0 49.0 48.0 46.0
19 49.0 49.0 49.0 47.0 47.0
March 14 57.3 58.0 58.0 55.0 54.0
15 72.0 72.0 72.0 70.0 70.0
16 73.0 73.0 73.0 70.0 68.0
17 75.0 75.0 75.0 72.0 70.0
18 75.0 75.0 75.0 72.0 72.0
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Table XVII. The Effect of Position of the Pots on the Temperature 
at 12 Noon in the Center of the Soil Mass of Selected 
Pots in the Leaching Test 1962-63.
_________________ POSITION OF POTS__________________
West Center East Air Around Air Outside 
DATE Pots Pots Pots Pots Greenhouse
Degrees Farenheit
December 14 32.0 31.8 32.0 53.5 53.0
15 53.2 52.8 53.0 65.5 65.0
16 64.3 63.3 64.5 73.0 71.5
17 58.5 54.6 50.3 68.0 70.0
18 53.5 54.2 53.7 64.5 64.5
January 14 32.0 32.0 32.0 32.3 29.0
15 32.0 32.0 32.2 38.5 35.0
16 34.0 32.0 32.0 47.7 48.0
17 39.6 36.3 37.0 57.0 50.5
18 51.5 50.6 50.0 63.5 60.0
February 15 48.5 45.8 48.7 70.0 67.0
16 48.0 45.0 48.0 63.0 55.0
17 44.5 42.0 56.0 62.0 55.0
18 47.2 44.8 47.0 61.5 57.5
19 50.0 50.0 50.0 50.0 48.0
March 14 69.0 66.2 69.3 79.0 76.0
15 79.0 77.5 78.0 90.5 85.0
16 81.8 78.5 79.7 93.2 78.0
17 81.5 80.3 81.7 89.2 79.5
18 78.6 77.8 78.7 79.5 80.0
SE
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Table XVIII. The Effect of Position of the Pots on the Temperature 
at 6 P.M. in the Center of the Soil Mass of Selected 














December 14 33.3 32.2 32.5 44.5 48.0
15 60.2 59.3 60.0 59.0 58.0
16 70.3 59.3 67.0 61.5 61.0
17 66.6 64.5 64.0 56.3 52.0
18 62.8 57.2 59.7 58.0 57.5
January 14 32.0 32.0 32.0 27.7 27.0
15 32.0 32.0 32.0 31.7 32.5
16 39.3 35.3 34.2 36.0 39.0
17 53.2 50.0 46.5 44.0 45.0
18 55.9 56.0 55.0 52.5 50.0
February 15 63.5 58.8 58.5 52.8 54.0
16 58.0 54.3 54.3 47.0 45.0
17 58.0 53.3 53.0 47.5 46.0
18 55.0 53.0 54.2 51.5 52.0
19 49.0 49.0 49.0 45.0 49.0
March 14 78.5 76.3 77.7 73.0 71.0
15 82.6 81.5 81.0 77.0 75.0
16 92.0 88.3 90.5 80.5 77.0
17 81.0 79.0 78.5 79.0 76.5
18 80.5 79.8 79.7 75.7 73.5
"East Pots" designates the average temperature of two pots In a 
similar line on the East side of the bench. Temperatures for the 
"Center Pots" are the average temperatures for three pots bordered 
on all sides by other pots including the East and West pots. The 
temperature for "Air Around Pots" is an average air temperature at 
the bottom and top of pots located in the center of the bench.
The air temperature outside the greenhouse was measured by a 
thermocouple placed three feet North and East of the northeast corner 
of the greenhouse and three feet above ground level. Temperatures 
for these locations were taken from 30-day multipoint recorder charts 
on which continuous recordings were made at two-minute intervals 
throughout the duration of the test.
The data show rather consistent trends for the soil temperature 
of Center pots on the dates shown to be lower, sometimes by several 
degrees, than the West pots. The difference appears to be the greater 
at 6 P.M. than at 12 noon for most of the dates given in the table, 
and the lowest at 6 A.M. The largest difference, 11 degrees, occurred 
on December 16 at 6 P.M.
Soil temperature differences between the East and Center pots 
were generally smaller than that between the West and Center pots.
The air temperature around the pots was always higher than the 
soil temperature at noon but generally lower at 6 P.M. and 6 A.M., 
especially in January, February, and March.
The soil temperature in all of the pots was higher at 6 P.M. 
than at 6 A.M. and noon, except when the soil was frozen on January 14
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and 15. In addition, as may be seen with the noon temperatures in 
January, the frozen soil in the West pots tended to thaw more rapidly 
than the Center or East pots.
In general the soil temperature increased markedly with the 
advancing season, and the lowest temperatures occurred at 6 A.M. while 
highest occurred at 6 P.M.
Experiment in 1963-64
The procedure for the 1963-64 leaching test was similar to that 
followed in 1962-63. To provide a larger volume of soil, the dry soil 
equivalent was changed to 30 pounds per pot.
The leaching apparatus was modified slightly. To prevent leach­
ate leakage around the tygon thumb disconnects the lower surface of 
the flange of the disconnects was glued to the inside surface of the 
bottom of the pots with epoxy glue and allowed to set before attaching 
the delivery tubes.
The plants were set on December 1, 1963, as compared to 
December 5, 3, and 7 in BNR, MR, and ANR plots respectively in 1962.
Methods of watering. Since in the 1962-63 test it was found 
that the BNR water treatment resulted in excessive drying of the soil 
with subsequent wilting of the plants, it was eliminated in 1963-64. 
Only the NR and ANR treatments were used in the 1963-64 test. The 
frequency of water application remained the same, but leaching and 
collection of the leachate were changed to two week intervals.
Changing the number of water levels correspondingly reduced the number
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of main plots from three to two. The amount of water applied to 
leach the soil was based on the average weekly rainfall for each 
week, December through May.
Figures 4 and 5 show the effects of water treatment on the 
nitrate nitrogen content of the soil in the pots containing plants 
fertilized with the various sources of nitrogen given in Table IV.
The application rate applied on November 26, 1963 was 30 ppm of 
nitrogen. The days following application represent in chronological 
order sampling dates of January 19, February 3, February 16, March 1, 
March 30, and April 26, 1964 respectively.
In general, the NR pots contained higher amounts of nitrate 
nitrogen than ANR pots, except where UF was used. With UF the 
opposite is true, but the differences due to water treatment are very 
small (Figure 5).
The NR pots treated with ammonium sulfate, urea, CSM, and 
sodium nitrate contained from two-four ppm less nitrate nitrogen at 
69 days after application than ANR pots.
Sodium nitrate under the NR treatment gave almost a straight 
line decrease with increasing days after application (Figure 4).
Under the ANR water treatment the maximum value occurred at 69 days, 
followed by a sharp decrease at 82 days than a more gradual decrease.
The NR curve for CSM (Figure 4) shows values equal to the corre­
sponding urea curve (Figure 5) except for a slightly higher value for 
urea at 113 days (Figures 4 and 5). The ANR curve for CSM shows some­
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Figure 4. The effect of water treatment and source of
nitrogen on the nitrate nitrogen content of
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Figure 5. The effect of water treatment and source of
nitrogen on the nitrate nitrogen content of
the soil In pots with plants.
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The control treatment showed very low values (less than five 
ppm) throughout the test except for the NR treatment at 69 days 
(Figure A ) ,
With ammonium sulphate treated pots the nitrate nitrogen content 
reached a peak of 16 ppm at 82 days in the NR treatment and leveled 
off until 123 days. After this time it dropped sharply. In the ANR 
treatment the peak was reached at 69 days and decreased further on 
each sampling date.
The nitrate nitrogen content of soil in urea treated pots 
reached a maximum of 24 ppm at 82 days and decreased considerably with 
each succeeding sampling date. The urea curve for the ANR water 
regime, although identical in shape, shows somewhat higher values than 
the corresponding ammonium sulfate curve.
The ammonium nitrate curves are somewhat similar for both water 
regimes with the NR treatment giving consistently higher values
(Figure 5). The maximum soil nitrate nitrogen values (12 and 18 ppm)
were reached at 69 days under both water treatments and then decreased 
with each succeeding sampling date.
Figures 6-9 show the effects of plants fertilized with the 
various sources of nitrogen at the rate of 30 ppm of nitrogen on the
soil nitrate level in pots of each water treatment. As would be
expected, the presence of growing plants caused a lower soil nitrate 
content than where plants were not present, regardless of the source 
of nitrogen.
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Control pots without plants In the NR treatment showed a general 
nitrate Increase with time while In pots with plants It Increased at 
69 days then decreased at 82 days and remained low to 150 days. Pots 
without plants In the ANR treatment had a higher nitrate content than 
the pots with plants (Figure 6).
While soil nitrate In ammonium sulfate treated pots without 
plants showed a general Increase with Increasing days after appli­
cation up to 123, It Increased up to only 82 days In pots with plants 
and then leveled off up to 123 days (Figure 7). This was followed by 
a decrease at 150 days in both water treatments. Soil nitrate in the 
pots under the ANR treatment was considerably lower than corresponding 
pots in the NR treatment. The curve patterns of ammonium sulfate 
treated pots without plants under the two water treatments are identi­
cal in shape, with the ANR curve showing lower values. Soil nitrate 
in pots with plants under the ANR treatment, increased sharply at 69 
days after application and then decreased with increasing time 
(Figure 7).
Soil nitrate in urea treated pots with plants in the NR 
treatment showed an increase up to 82 days than a decrease to 150 
days (Figure 7). The curve for pots without plants is similar but 
shows that more nitrate nitrogen was present in these pots than corre­
sponding ammonium sulfate pots.
Urea treated pots with plants under the ANR treatment contained 
less soil nitrate generally than those under the NR treatment. The 
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Figure 6 . The effect of water treatment and plant 
growth on the nitrate nitrogen content 
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Figure 7. The effect of water treatment, source of
nitrogen, and plant growth on the nitrate
nitrogen content of the soil in pots.
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ammonium sulfate curve, and shows slightly higher nitrate values. In 
pots without plants there was an increase at 69 days, after which 
nitrates leveled off for the remainder of the test.
Cottonseed meal under the NR treatment gave an increase in soil 
nitrate at 69 days in pots with plants and then a general decrease 
with increasing time after application, while in pots without plants 
it gave considerably higher values (up to 25 ppm) but with decreases 
at 82 and 150 days (Figure 8).
The soil nitrate curve for CSM in the ANR treatment with plants 
is somewhat erratic but shows a general decrease with increasing time 
after application after a small, early increase (Figure 8). In pots 
without plants it shows a sharp and continued increase from 94 days 
onward after an early rise at 69 days.
In ammonium nitrate treated pots without plants in the NR 
treatment there was a general increase from 15 to 60 ppm from 54 to 
150 days respectively after application (Figure 8). In pots with 
plants, however, there was an increase at 69 days and then a general 
decrease with increasing time after application. The corresponding 
curve in the ANR treatment is similar except after 150 days in the 
pots without plants but shows consistently lower values than those 
in the NR treatment (Figure 8).
Soil nitrate in sodium nitrate treated pots with plants in 
the NR treatment decreased in almost a straight line as time after 
application increased (Figure 9). It was generally lower than in 
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Figure 8. The e£fect of water treatment, source of
nitrogen and plant growth on the nitrate
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Figure 9. The effect of water treatment, source of
nitrogen, and plant growth on the nitrate
nitrogen content of the soil In pots.
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higher in pots without plants than in pots with plants. The maximum 
concentration of nitrate in pots with and without plants was reached 
at 69 days.
Urea formaldehyde in the NR treatment gave an increase in soil 
nitrate with time after application in pots without plants reaching 
a maximum of 17 ppm at 123 days (Figure 9). In pots with plants there 
was an increase in nitrate at 69 days and then a decrease at 82 days, 
after which they remained consistently low. In the ANR treatment no 
differences in soil nitrate content as a result of having plants in 
pots occurred until 94 days after application. From this time on it 
increased in pots without plants, reaching a maximum of 15 ppm at 150 
days and decreased in pots with plants.
Figures 10 and 11 show the effects of Increased rates of appli­
cation of urea, CSM and UF on soil nitrate nitrogen in pots receiving 
the NR and ANR water treatments. Increasing the rates of applied 
urea-nitrogen from 30 to 37 ppm and CSM-nitrogen from 30 to 60 ppm 
increased the soil nitrate in both water: tteatments (Figure 10), 
Urea-nitrogen applied at 37 ppm gave a small but consistent increase 
in the soil nitrate nitrogen in pots receiving the NR treatment. In 
the ANR treatment these differences were negligible except at 94 and 
123 days.
Increasing the rate of applied CSM-nitrogen from 30 to 60 ppm 
caused a marked increase in soil nitrate up to 82 days in the NR 
treatment (Figure 10). Increases due to rate of application were: not 
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Figure 10. The effect of water treatment and
different rates of urea and cottonseed 
meal application on the nitrate nitrogen 
content of the soil In pots with plants.
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treatment, but were of the order of six-seven ppm at interim sampling 
dates.
Differences in soil nitrate' resulting from increased rates of 
urea application were generally less than those resulting from in­
creased rates of CSM application. However, both rates of applied urea 
generally gave higher concentrations of soil nitrates in the NR 
treatment than CSM.
The combination of aranonium nitrate and CSM gave a higher soil 
nitrate content than 30 or 45 ppm of nitrogen applied as UF (Figure 11).
The nitrate leaching data for 1963-64 are presented in Figures 12- 
23. The effects of the different nitrogen sources applied at 30 ppm 
of nitrogen and of water treatment on leaching of nitrate from pots 
with and without plants are shown in Figures 12-18. The days after 
application represent respectively in chronological order: December 22, 
January 7 and 20, February 3 and 19, March 4 and 17, and April 13 
and 28.
The NR treatment of the control generally removed more nitrate 
from pot8 without plants, whereas removal by the ANR treatment was 
inconsistent in this respect but lower than by the NR treatment of 
pots without plants (Figure 12).
The initial leaching by both water treatments removed more 
nitrate from sodium nitrate treated pots than from those treated with 
the other sources (Figure 13) . Generally larger amounts were removed 
by the ANR treatment. In both water treatments no nitrate was removed 















Figure 11. The effect of water treatment and rate and 
source of applied nitrogen on the nitrate 
nitrogen content of the soil in pots with 
plants.
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Figure 12. The effect of water treatment and plant growth 
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Figure 13. The effect of water treatment and plant growth on the amount of nitrate 
nitrogen leached from pots with sodium nitrate treated soil.
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third leaching contained still less nitrate. In pots without plants 
this was followed by an increase in the amount of nitrate removed by 
subsequent leachings, the amount per leaching and the number of 
leachings in which this occurred depended on the source of nitrogen 
and water treatment.
The initial leaching of ammonium nitrate treated pots removed 
more soil nitrate in both water treatments than any subsequent 
leaching (Figure 14). This occurred at 26 days after application of 
the fertilizer nitrogen. After the initial leaching in the NR 
treatment the effects of plants on the amount of nitrate leached is 
somewhat inconsistent. In the ANR treatment, however, the pots 
without plants consistently lost more nitrate. In both water 
treatments the amount of nitrate lost toward the end of the test was 
markedly lower than at the beginning.
With CSM as the nitrogen source the NR treatment (Figure 15) 
consistently removed greater amounts of nitrate from pots without 
plants. The differences tended to increase somewhat as the season 
progressed from 38 to 100 days after application except at 82 days.
Although such a trend was not observed in the ANR treatment, 
it did remove as much or more nitrate from the pots without plants 
than from those with plants throughout the season.
The amount of soil nitrate leached from UF treated pots with 
plants by the NR and ANR treatments varied considerably with time 
after application, but beyond 113 days practically none occurred in 
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Figure 14. The effect of water treatment and plant growth 
on the amount of nitrate nitrogen leached from 
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Figure 15. The effect of water treatment and plant growth
on the amount of nitrate nitrogen leached from























87 15470 100 113 14126
DAYS AFTER APPLICATION
Figure 16. The effect of water treatment and plant growth
on the amount of nitrate nitrogen leached from
pots with ureo formaldehyde treated soil.
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larger amounts were leached after 70 days, though a continued decrease 
In amounts removed was shown after 100 days. In the ANR treatment the 
effects of plants on nitrate removal was not great except at 100 days 
after application.
There was little effect of water treatment on removal of soil 
nitrate from ammonium sulfate treated pots (Figure 17). Pots without 
plants lost more soil nitrate than pots with plants after 70 days In 
the NR treatment, and after 38 days In the ANR treatment.
The relationship between the amount of soil nitrate .removed by 
leaching urea treated pots with plants and without plants was defi- 
nitely affected by water treatment (Figure 18). In the NR treatment 
pots without plants lost slightly less nitrate generally than pots 
with plants until 100 days after application, after which markedly 
more nitrate was removed from the pots without plants. In the ANR 
treatment, however, after 38 days considerably more nitrate was removed 
from pots without plants than from those with plants. While the ANR 
treatment removed more nitrate from pots with plants, It removed less 
from pots with plants than the NR treatment. Of all the nitrogen 
sources applied, urea gave the maximum increases in tiitrate concen­
tration of the leachate after the initial leaching. This occurred in 
pots without plants receiving the ANR treatment. One exception was 
the ammonium sulfate treatment of pots without plants at 113 days 
(Figure 17),
The effects of water treatment on removal of soil nitrate from 
pots with plants treated with various nitrogen sources applied at 
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Figure 17. The effect of water treatment and plant growth
on the amount of nitrate nitrogen leached from
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Figure 18, The effect of water treatment and plant growth
on the amount of nitrate nitrogen leached from
pots with urea treated soil.
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The ANR treatment removed more nitrate than the NR treatment 
from pots treated with ammonium nitrate and CSM except at 57 days 
after application (Figure 19).
The effects of water treatment on CSM and urea treated pots 
were variable as the season progressed, but generally the ANR 
treatment removed more nitrate (Figures 20 and 21).
The NR water application failed to remove nitrate from UF 
treated pots at 141 and 154 days after application. The ANR treatment 
removed larger amounts than the NR treatment throughout the season 
(Figure 22).
The total soil nitrate removed by leaching as affected by water 
treatment and nitrogen source is shown in Figure 23. Hiese values 
are expressed as the average number of milligrams per pot. In all 
treatments comparing pots with plants to pots without plants, more 
soil nitrate nitrogen was removed from the latter except in the ANR 
control,
The ANR watering treatment of pots without plants removed more 
soil nitrate than the NR treatment when sodium nitrate, ammonium 
nitrate, ammonium sulfate and urea were used at the application rate 
of 408.6 milligrams of nitrogen (30 ppm) per pot while less was 
removed from UF, CSM, and the control.
In pots with plants the ANR watering treatment removed more soil 
nitrate only when sodium nitrate was used, and in the control, or when 
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Figure 19. The effect of water treatment on the amount of 
nitrate leached from pots with plants treated 
with 204 and 408 mgm of nitrogen (45 ppm) as 
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Figure 20. The effect of water treatment on the amount of 
nitrate nitrogen leached from pots with plants 
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Figure 21. The effect of water treatment on the amount of 
nitrate nitrogen leached from pots with plants 
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Figure 22. The effect of water treatment on the amount of 
nitrate nitrogen leached from pots with plants 
treated with 613 mgm of nitrogen (45 ppm) as 
urea formaldehyde.
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Figure 23. The effect of source and rate of nitrogen and water application on the total amount of 
nitrate nitrogen leached from pots with and without plants.
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With all other sources, ammonium nitrate, ammonium sulfate, urea, 
and UF applied at 408.6 milligrams of nitrogen per pot' (30 ppm) and 
CSM at 408.6 or 817.0 milligrams of nitrogen per pot (30 or 60 ppm), 
the ANR treatment removed only equal amounts or less soil nitrate 
than the NR treatment.
Hie ANR treatment removed more soil nitrate from pots with 
plants and pots without plants where sodium nitrate was used than from 
any other treatment combination, except the pots without plants ferti­
lized with ammonium nitrate in the ANR treatment.
The data in Figure 23 are shown in Table XIX as the percent of 
applied nitrogen recovered as leached nitrate. The most readily 
leached form was sodium nitrate applied to pots with and without 
plants under both water treatments. The next most readily leached 
forms were ammonium nitrate and urea applied to pots without plants.
In general, pots without plants showed a higher percentage leaching 
loss than pots with plants especially under the ANR treatment. In­
creasing the rate of applied nitrogen appeared to have less effect on 
leaching losses than plant growth.
Ammonium sulfate, urea, UF, and CSM gave slightly higher average 
leaching losses from pots without plants than the control. The first 
two treatments mentioned showed a similar relationship in pots with 
plants when compared to the control with plants. In general, leaching 
losses were highest under the ANR treatment.
Table XX shows the cumulative sums of the milligrams of nitrate 
nitrogen leached for each successive leaching date beginning with the 
first one on December 22.
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Table XIX. The Effect of Hater Application and Source and Rate of
Applied Nitrogen on the Percentage Leached as Nitrate
Nltrogem From Soil In Pots.
SOURCE OF 
NITROGEN






NaNOo Plants 408.6 20.0 28.2 23.7
None 408.6 25.0 34.2 29.6
(NH4)2S04 Plants 408.6 12.2 12.2 12.2
None 408.6 15.6 20.8 18.2
NH4N03 Plants 408.6 13.2 14.4 14.2
None 408.6 17.1 26.0 21.6
Urea Plants 408.6 12.2 9.1 10.5
Plants 503.9 7.6 11.1 11.1
None 408.6 15.9 22.0 18.9
UF Plants 408.6 9.1 7.9 8.4
Plants 612.9 5.1 7.4 9.3
None 408.6 13.5 10.0 11.7
CSM Plants 408.6 6.1 5.6 5.8
Plants 817.0 4.7 4.3 8.9
None 408.6 13.5 11.0 12.2
NH4N03 +  CSM Plants 612.9 5.2 9.2 5.6
Control Plants 0.0 5.4 13.9 9.6
None 0.0 13.9 6.6 10.2
Table XX. Cumulative Sums of Nitrate Nitrogen Leached from Each Pot. (Mean number of 
milligrams of nitrate nitrogen removed per pot through each leaching date.)
SOURCE OF MGMS Of N ,22 Jan,, 7 Jail.20 Feb,, 3 Feb,■ 19 Mar. 4 Mac,,17 Aor, .,13 Anr. 28NITROGEN APPLIED ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR
■ Pots With Plants
NaN03 408.6 35 32 56 42 74 52 97 63 109 77 115 79 118 80 118 80 118 82
(NH4)2SO4 408.6 23 15 30 28 37 31 44 40 52 45 58 51 59 52 59 54 59 54
NH4MQ3 408.6 14 7 23 9 25 16 33 27 36 37 44 43 50 46 50 49 50 50
Urea 408.6 9 7 14 9 19 15 23 25 30 37 37 45 37 47 37 50 37 50
UF 408.6 9 9 14 11 17 20 25 25 27 28 32 38 32 38 32 38 32 38
CSM 408.6 6 7 8 8 11 12 16 16 17 17 21 20 22 22 22 25 23 25
Urea 503.9 11 11 20 13 21 16 26 22 32 28 44 33 49 34 55 35 56 38
UF 612.9 11 11 19 12 24 16 31 22 36 27 43 30 44 30 46 31 46 31
CSM 817.0 12 17 14 18 17 20 23 26 26 34 30 36 32 36 35 37 36 38
NH4NO3 +  CSM 612.9 15 12 23 14 25 18 31 22 37 26 51 31 54 32 56 33 57 33
Control 0.0 14 9 16 10 17 12 19 14 24 15 26 20 28 21 28 22 28 22
Pots Without Plants
NSN03 408.6 47 24 63 31 74 42 93 54 106 74 120 86 131 99 139 102 141 103
(NH4)2SO4 408.6 27 21 35 28 43 33 58 40 67 49 82 55 91 64 104 68 106 72
NR4N03 408.6 10 7 18 8 24 12 33 23 43 34 51 43 73 54 83 61 85 65
Urea 408.6 10 8 14 9 22 12 33 20 49 29 66 38 78 50 86 63 88 67
UF 408.6 9 7 13 8 15 11 20 19 23 31 36 43 38 49 43 54 43 56
C&f 408.6 11 7 17 8 20 13 25 20 31 25 35 34 41 43 45 50 47 53
Control 0.0 7 14 11 15 12 20 17 30 21 37 23 47 24 53 24 56 26 58
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Table XXI shows the ammonium nitrogen content of the soil in 
pots treated with the various sources of nitrogen applied at the rate 
of 30 ppm. No consistent trends are evident from the data presented. 
There was generally a lower concentration in the soil of control pots 
with plants than in pots of this treatment without plants and in pots 
with and without plants treated with other sources. A slightly lower 
concentration occurred in pots without plants of the ANR treatment 
than in pots treated with the same nitrogen source in the NR treatment 
On the other hand, a lower concentration was evident in most pots with 
plants receiving the ANR treatment than corresponding pots receiving 
the NR treatment.
Neither the source of nitrogen nor water treatment appeared to 
have any effect on soil pH (Table XXII). The initial soil pH before 
adding fertilizer nitrogen was 4.8. The highest pH measured after the 
application of nitrogen was 5.1. The pH of the water added to the 
pots was 8.5 and contained 85 ppm of sodium.
The effects of water application and nitrogen source on the 
total nitrogen content of the plants harvested at the end of the test 
are shown in Table XXIII. There were no significant differences 
between water treatment means or among source of nitrogen means.
Table XXIV gives the dry weight of the plants at the end of the 
experiment. The NR treatment produced a significant increase in dry 
weight of plants in the ammonium nitrate treated pots as compared to 
plants in corresponding pots of the ANR treatment.
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Table XXI. The Effect of Source of Nitrogen and Water Application 
on the Ammonium Nitrogen Content of the Soil in Pots 




Jan. 19 Feb. 16 Apr. 12
NR ANR NR ANR NR ANR
NaN03 Plants 18.6 18.6 27.8 9.2 18.6 18.6
None 27.8 9.2 37.2 9.2 9.2 9.2
(nh4)2so4 Plants 37.1 18.6 18.6 18.6 18.6 27.8
None 37.1 27.8 18.6 18.6 18.6 9.2
NH4NO3 Plants 37.1 37.2 18.6 9.2 18.6 18.6
None 27.8 18.6 27.8 18.6 18.6 27.8
Urea Plants 37.1 18.6 27.8 9.2 18.6 18.6
None 37.1 9.2 27.8 18.6 18.6 18.6
UF Plants 27.8 37.2 18.6 9.2 18.6 18.6
None 27.8 18.6 18.6 18.6 18.6 18.6
CSM Plants 37.1 27.8 18.6 9.2 18.6 18.6
None 27.8 18.6 37.2 9.2 18.6 18.6
Control Plants 9.2 9.2 9.2 9.2 18.6 9.2
None 18.6 18.6 18.6 18.6 18.6 18.6
^Applied at 30 ppm of nitrogen.
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Table XXII. The Effect of Source of Nitrogen and Water Application 
on the pH of the Soil in Pots With and Without Plants, 
1963-64.
SAMPLING DATE
SOURCE OF PPM of N Jan. 19 Feb. 16 Apr. 12
NITROGEN APPLIED NR ANR NR ANR NR ANR
NaN03 30 5.0 5.0
Pots With Plants 
4.9 5.1 4.9 5.0
(nh4 )2so4 30 4.8 4.9 4.8 4.8 4.8 4.8
nh4no3 30 4.9 5.0 4.9 4.8 4.8 4.8
Urea 30 5.0 5.1 4.8 5.0 4.9 4.9
37 4.9 5.0 4.9 4.9 4.8 4.8
UF 30 4.9 4.9 5.0 5.0 4.8 4.9
45 4.9 5.0 4.9 4.8 4.8 5.0
CSM 30 5.0 4.9 5.0 5.0 4.9 5.0
60 4.9 5.0 4.8 5.0 4.8 5.0
NH4NO3 + CSM 45 4.9 4.9 4.9 5.0 4.9 4.8
Control 00 4.9 4.8 5.1 5.0 4.9 5.0
NaN03 30 5.1 5.0
Pots Without Plants 
4.8 5.2 5.0 5.0
(nh4 )2so4 30 4.8 4.8 4.7 4.8 4.6 4.8
NH4N03 30 4.9 5.0 4.9 4.9 4.8 5.0
Urea 30 5.0 5.0 4.8 4.9 4.8 4.9
UF 30 4.9 4.9 5.0 5.0 4.9 5.0
CSM 30 4.9 5.0 4.9 4.9 4.7 4.9
Control 00 4.9 4.9 5.0 5.0 4.9 5.0
pH of soil before adding nitrogen was 4.8.
124
Table XXIII. The Effect of Water Application and Source of 
Nitrogen on the Total Nitrogen Content of 
Strawberry Plants,1963-64.
SOURCE OF PPM of N  WATER TREATMENT
NITROGEN APPLIED NR ANR Mean
Percent Total Nitrogen
NaN03 30 1.17 1.52 1.35
(nh4 )2so4 30 1.59 1.54 1.57
nh4no3 30 1.31 1.35 1.34
Urea 30 1.21 1.25 1.24
37 1.62 1.41 1.52
UF 30 1.21 1.28 1.25
45 1.14 1.42 1.29
CSM 30 1.37 1.30 1.34
60 1.81 1.51 1.66
NH4N03 + CSM 45 1.28 1.46 1.37
Control 0 1.28 1.29 1.29
Mean 1.37 1.39 1.38
LSD @  .05 NS NS NS
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Table XXIV. Hie Effect of Water Application and Source of 




PPM of N 
APPLIED
WATER TREATMENT
NR ANR Difference Mean
Dry Weight In Grams
NaN03 30 19.1 23.2 +  4.1 21.2
(nh4)2so4 30 32.1 29.1 - 3.0 30.6
NH4NO3 30 31.2 19.6 -11.6 25.4
Urea 30 19.6 30.9 +11.3 30.3
37 25.0 19.7 - 5.3 27.4
UF 30 17.6 22.1 + 4.5 20.0
45 25.4 14.6 -10.8 20.0
CSM 30 21.6 22.0 + 0.4 21.8
60 30.0 34.7 + 4.7 32.4
NH4N03 + CSM 45 22.9 19.7 - 3.2 21.3
Control 0 13.9 12.3 - 1.6 13.2
Mean 24.2 23.2 - 5.2 23.7







All of the nitrogen treatments significantly increased the dry 
weight of plants as compared to the control. The largest increases 
were produced by ammonium sulfate and urea applied at 30 ppm and CSM 
applied at 60 ppm.
Plates II-V show the growth habit of plants growing in soil 
treated with several of the experimental sources of nitrogen, Plate II 
shows the relative effects of the control (upper) and sodium nitrate 
applied at 30 ppm of nitrogen (lower) on growth of the plants. Leaf 
color is normal in plants of both treatments. While the plant in the 
control treatment was small and compact, the one in the sodium nitrate 
treatment was larger by comparison, showing more leaf spread but some­
what less compactness.
Plate III shows a typical plant growing in soil treated with 
ammonium sulfate applied at 30 ppm of nitrogen (upper) and urea applied 
at 37 ppm of nitrogen (lower). While plants of both treatments have 
normal color and equal height those of the ammonium sulfate treatment 
exhibited a more spreading growth pattern with even foliage distri­
bution .
The relative effects of CSM plus ammonium nitrate applied at 
45 ppm of nitrogen (upper) and CSM alone applied at 60 ppm of nitrogen
i
(lower) may be compared in Plate IV. Cottonseed meal produced the 
most vigorous plant growth and compact foliage. While the CSM pro­
duced a shorter plant by comparison than CSM plus ammonium nitrate, 
it gave a more even foliage distribution.
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Plate II. The Growth Habit of Strawberry Plants Growing in the
Control Treatment (upper) and the Sodium Nitrate (30
ppm of nitrogen) Treatment (lower).
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Plate III, The Growth Habit of Strawberry Plants Growing In the
Ammonium Sulfate (30 ppm of nitrogen) Treatment (upper)
and the Urea (37 ppm of nitrogen) Treatment (lower).
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Plate IV. The Growth Habit of Strawberry Plants in the Ammonium 
Nitrate Plus Cottonseed Meal (45 ppm of nitrogen) 
Treatment (upper) and the CSM (60 ppm of nitrogen) 
Treatment (lower),
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The effects of UF applied at 30 ppm of nitrogen (upper) and 45 
ppm of nitrogen (lower) on plant growth are shown in Plate V. The 
higher rate produced the more normal growth characteristics.
Typical fruit of the second harvest are shown in Plate VI.
These fruit showed varying degrees of malformation which was ap­
parently due to poor pollination rather than nitrogen source. This 
condition continued through the first three harvests. Fruit of 
subsequent harvests were of normal shape but below normal size until 
late in the season.
III. FERTILIZER NITROGEN FIELD STUDY
The nitrate content of the soil under field conditions, as af­
fected by the kind of nitrogen fertilizer applied, was studied in the 
1963-64 season in a field planted to the Dabreak variety of straw­
berries.
Two three-row plots measuring 12 x 100 feet were selected in
September, 1963. On October 1, 1963 each of two plots received 68,
136, and 68 pounds of N., P2O5 and K2O per acre respectively. In one 
plot all of the nitrogen was applied as ammonium nitrate only. In the 
other, 54 pounds of nitrogen per acre was applied as ammonium nitrate
and 14 pounds as cottonseed meal.
Plants were set in the rows on October 2, 1963. Soil samples 
were taken from 0-9 and 9-18 inch depths on September 30, October 26, 
November 27, and December 23. Thereafter, the sampling dates were as 
shown in Figure 26 and were taken from the 0-9 inch depth only.
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Plate V. The Growth Habit of Strawberry Plants in the Urea
Formaldehyde (30 ppm of nitrogen) Treatment (upper) and
the 45 ppm Nitrogen Treatment (lower).
Plate VI. The Typical Form of Strawberry Fruit From the Early 
Harvest in the Greenhouse Test (1963-64).
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Samples were taken by plugging the soil midway between the 
furrow and shoulder of the row at two-step Intervals. The Indi­
vidual cores were conbined, nine per sample, and placed In poly­
ethylene bags and stored at minus 20°F.
I
Fruit from these plants were harvested, counted, and weighed 
twice each week throughout the normal harvest season.
Soil and air temperatures were obtained on several dates during 
the period of the test from duplicate thermocouples placed at -12, -6 , 
and -1, +1 and +  6 inches in the center of each test row. A  potenti­
ometer calibrated in degrees Farenheit was employed to determine the 
temperature. For nitrate analysis samples were removed from storage, 
allowed to thaw, mixed, and duplicate samples were weighed for 
nitrate and moisture determinations.
The nitrate nitrogen content of the soil as affected by each 
kind of fertilizer throughout the period of time covered by the test 
is shown in Figures 24 and 25.
Figure 24 shows the nitrate nitrogen content of the soil at a 
depth of 0-9 and 9-18 inches in each row of the test. At the 0-9 
inch depth there was a slightly higher nitrate nitrogen content than 
at the lower depth on the day before application of the fertilizer 
(September 30). Twenty-five days after application (October 26) the 
nitrate nitrogen content of the soil had increased from 20 to 125 ppm 
in the ammonium nitrate plot and from 26 to 70 ppm in the ammonium 
nitrate plus CSM plot. There was relatively little change in the 
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SAMPLE DATE
Figure 24. The effect of kind of nitrogen fertilizer on the 
nitrate content of the soil at two depths in a 
strawberry field. (Nitrogen applied at 34 ppm.)
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On November 27 the nitrate nitrogen content of the soil at the
0-9 inch depth in the row had decreased to 15 ppm in both treatments
and showed little change thereafter, while at the 9-18 inch depth it
had increased to 40 to 50 ppm on this date and by December 23 to 60
to 73 ppm at this depth showing some fluctuation between treatments.
Figure 25 gives the soil nitrate nitrogen content at the 0-9 
inch depth for the dates indicated in March, April, and May. Gener­
ally, the soil in the row .receiving ammonium nitrate had a higher 
soil nitrate content than the ammonium nitrate plus CSM treatment 
during March, was somewhat inconsistent during the first two weeks in 
April, and lower during the last two weeks in April and on May 4.
Table XXV gives a comparison of the weekly rainfall for the 
months of the study to the five-year (1960-1965) average for the same 
area. The total rainfall for each month from November through April 
and as an average of all months (September through April) was higher 
in 1963-64 than for the same months in the five-year average. It was 
lower, however, in September and October. The average weekly rainfall 
for all of the months considered collectively shows that the 1963-64 
rainfall was approximately equal to the five-year average during the 
first, third and fourth weeks, and higher during the second week.
There were several weeks of exceptionally high rainfall (2.00 
inches and higher) in 1963-64. The highest of these were the second 
weeks of November and December with 3.89 and 4.14 inches respectively. 
These amounts were more than two inches above the five-year average 
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Figure 25. The effect of kind of nitrogen fertilizer on the nitrate content of the soil 
at a 0-9 inch depth in a strawberry field. (Nitrogen applied at 34 ppm.)
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Table XXV, The Number of Inches of Rainfall Per Week on the Horticulture Farm at the 
Location of the Fertilizer Nitrogen Study for September through April, 
1963-64 and the Five-Year Average (1960-1965).













Sept. 2.23 1.93 1.64 1.61 0.14 1.33 0.40 0.30 4.41 5.17
Oct. 0.02 3.03 0.01 0.18 0.01 0.63 0.00 0.25 0.04 4.09
Nov. 0.05 1.48 3.89 0.91 0.01 0.92 2.10 2.08 6.05 5.39
Dec. 0.87 1.24 4.14 1.98 1.18 1.16 0.00 0.86 6.19 5.24
Jan. 2.35 1.43 1.76 1.26 1.10 0.93 0.54 1.04 5.75 4.66
Feb. 0.20 0.39 0.84 1.01 2.40 1.43 1.97 1.58 5.41 4.41
Mar. 3.35 1.89 0.30 0.51 1.65 1.01 2.02 0.95 7.31 5.37
Apr. 3.01 1.54 0.07 0.73 0.25 0.15 2.84 2.00 6.17 4.42
Mean 1.51 1.62 1.58 1.02 0.84 0.95 1.24 1.13 5.17 4.72
138
February, and the first and fourth weeks o'f April also had high rain­
fall.
October was a relatively dry month, showing less than 0.1 inch 
of rainfall for the first three weeks and none on the fourth week, and 
having a total rainfall for the month of 0.4 inches, some 4.05 inches 
less than the five-year average.
The first, third and fourth weeks of March, 1964 had considerably 
higher rainfall than the five-year average for these weeks. The same 
weeks in April, 1964 were also higher than the five-year average, but 
the differences are not as great as in March except during the first 
week.
Table XXVI gives the moisture content of the soil for each 
sampling date shown in Figure 25 at the time of nitrate determination. 
There are no large consistent differences in moisture content of the 
soil from each treatment at any sampling date.
Table XXVII gives the soil temperatures at three depths below 
the soil surface and air temperatures at two heights above the soil 
surface of each row on certain dates during the test. Each 
temperature is an average value obtained from two thermocouples.
There were no obvious differences due to fertilizer treatment. There 
was generally a higher temperature at the one inch depth than at six 
and 12 inches, and little difference between the latter depths.
Table XXVIII gives the average weight, number, and size of fruit 
per plant at each harvest date. There were no consistent differences 
resulting from fertilizer treatment in the average yield per plant, 
average fruit size, or number of fruit per plant.
Table XXVI, The Moisture Content of the Soil 
Fertilized With Nitrogen* From 
Two Sources.
AMMONIUM
DATE OF AMMONIUM NITRATE
SAMPLE NITRATE + CSM
Percent Moisture
































May 4 28.6 28.9
*Applied at 34 ppm of nitrogen.
Table XXVII. The Temperature at Three Depths in the Soil and Two Positions Above the Soil
Fertilized With Nitrogen From Two Sources, Ammonium Nitrate and Ammonium Nitrate 
Plus Cottonseed Meal.
FERTILIZER
Ammonium Nitratel Ammonium Nitrate 4  CSMl
  THERMOCOUPLE DEPTH
DATE TIME -12 -6 -1 +1 46 -12 -6 -1 +1 46
Nov. 12 1 P.M. 60.8 61.7 75.2 75.2 60.8 60.8 75.2 75.2
Nov. 16 9 A.M. 56.3 55.4 58.9 - 68.9 55.8 55.4 68.9 - 68.9
Nov. 29 6 A.M. 62.6 60.8 62.6 - 62.6 61.8 60.8 62.6 - 62.6
Mar. 10 2 P.M. 57.5 56.5 61.3 78.0 72.0 57.5 55.0 61.0 70.7 76.0
Mar. 25 2 P.M. 60.0 63.0 67.0 73.5 75.0 60.5 61.6 68.0 75.0 77.5
Mar. 26 2 P.M. 59.0 57.0 60.5 67.0 71.5 59.0 58.7 59.5 67.0 68.0
Mar. 27 9 A.M. 57.0 55.0 56.0 75.0 70.0 57.0 55.0 55.5 66.0 67.5
Apr. 2 2 P.M. 58.0 59.0 64.0 69.0 69.0 58.0 58.0 64.0 69.0 69.0
Apr. 16 2 P.M. 68.0 70.5 78.0 85.0 86.0 68.0 71.5 77.0 84.0 86.5
May 4 2 P.M. 73.0 74.0 80.0 85.0 86.0 72.0 75.0 80.5 86.0 89.5
^Ammonium nitrate and ammonium nitrate plus CSM applied at 34 ppm of nitrogen.
Table XXVIII. The Effect of Kind of Nitrogen Fertilizer on the Yield^, Number^-, and Size^ 
of Strawberry Fruit Produced Per Plant.
YIELD PER PLANT (GMS) FRUIT SIZE (GMS) NO. OF FRUIT PER PLANT 
HARVEST AMMONIUM AMMONIUM AMMONIUM AMMONIUM AMMONIUM AMMONIUM
DATE NITRATE3 NITRATE. NITRATE3 NITRATE NITRATE3 NITRATE
+  CSM 3 +  CSM 3 + CSM 3
April 2 4.9 6.8 9.7 9.8 0.5 0.7
4 7.7 7.6 10.6 10.0 0.7 0.8
7 15.4 17.2 11.9 12.5 1.3 1.4
9 12.1 12.0 19.1 10.7 0.6 1.1
11 12.5 8.7 15.4 7.9 0.8 1.1
14 27.4 27.7 12.1 11.2 2.3 2.5
17 16.7 10.9 9.2 8.5 1.8 1.3
20 19.1 15.3 9.0 10.1 2.1 1.5
23 11.9 17.9 10.2 12.0 1.2 1.5
27 23.3 27.9 11.3 11.1 2.1 2.5
May 2 23.3 32.1 9.3 9.1 2.5 3.5
4 7.7 11.3 6.3 5.9 1.2 1.9
MEAN 15.2 16.3 11.2 9.9 1.4 1.7
^Expressed as average per plant. 
^Expressed as average per fruit.
3Applied at 34 ppm of nitrogen.
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IV. NITROGEN TOP-DRESSING FIELD STUDY
Three rates of ammonium nitrate applied as a top-dressing in 
one, two, or three applications were compared using the Dabreak and 
Headliner varieties in the spring of 1962. The rates and dates of 
nitrogen application are given in Table XXIX, Five hundred pounds 
per acre of a fertilizer containing ammonium nitrate nitrogen and 
CSM nitrogen at a ratio of 4 to 1 was applied before planting in the 
fall of 1961 and again before mulching in January, 1962. This 
fertilizer supplied 22 pounds of nitrogen, 48 pounds of ?2®5> ®nd 32 
pounds of K2O.
Adjacent, uniform plantings of each variety were selected and 
blocked off into one-row plots. The experimental design was a 
randomized, complete block replicated five times. The fruit were 
harvested, weighed, and counted twice each week. Soluble solids 
were determined on juice extracts from 25 fruit from each treatment 
with a Model 10,100 hand refractometer from the American Optical 
Company.
Titratable acids were determined by titrating extracted juice 
from 25 fruit of each variety selected at random from each treatment 
with 0.1N sodium hydroxide. A three percent phenolphthalein solution 
was used as the indicator.
Firmness was obtained with a grease cone penetrometer manu­
factured by the Precision Scientific Company. Determinations were 
made on 20 fruit of each variety harvested on April 16 and 25, and 
May 7 and 15 selected at random from each treatment.
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: Table XXIX. Dates and Amounts of Ammonium Nitrate 
Nitrogen Applied as Top-Dressing to 
Dabreak and Headliner Strawberrry Plants.
DATE AND AMOUNT OF NITROGEN
TREATMENT ______ APPLIED (Lbs/Acre)_______
NUMBER Feb. 21 Mar. 20 Apr. 25 TOTAL
1 0 0 0 0
2 40 40
3 20 20 40
4 10 10 20 40
5 60 60
6 30 30 60
7 15 15 30 60
8 80 80
9 40 40 80
10 20 20 40 80
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Table iXXX'. shows the season averages for total yield, firmness, 
soluble solids, titratable acids, and percent dry matter.
Generally, the Dabreak variety gave slightly higher yields 
than Headliner for each treatment except at 80 pounds of nitrogen per 
acre applied in three applications (Table XXX). With this treatment 
the Headliner variety produced 0.23 kilograms per plot more than 
Dabreak. The Dabreak variety produced an average plot yield of 2.62 
kilograms, 0.39 kilograms more than Headliner.
The Dabreak variety produced firmer fruit in all treatments* 
except the control, 40 pounds of nitrogen in one application, and 60 
pounds in two applications. As an average of all treatments Dabreak 
was the firmer of the two varieties.
Fruit of the Headliner variety from each nitrogen treatment 
contained a higher percentage of soluble solids than Dabreak and 0.9 
percent more as an average of all nitrogen treatments. Differences 
between varieties in the percent titratable acids were negligible.
The fruit of the Headliner variety were also higher in percent 
dry matter at each nitrogen treatment and as an average of all 
nitrogen treatments.
The yield of harvested fruit of the Dabreak variety was in­
creased above that of the control by all of the rates and methods of 
application of nitrogen except that applied at 40 pounds per acre in 
a split application. The largest increase was effected by a single 
application of 40 pounds of nitrogen per acre.
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Table XXX. The Effect of Rate and Time of Nitrogen Top-Dressing*
on Total Yield and Quality of the Dabreak and Headliner 
Varieties of Strawberries.
POUNDS PER 















40 3.50 136.9 8.9 1.05 10.21
40 (20+20) 2.32 130.2 3.7 1.06 10.25
40 (10+10+20) 2.50 137.6 8.9 1.08 10.18
60 2.89 133.8 8.9 1.05 10.87
60 (30+30) 2.49 134.3 9.1 1.02 10.49
60 (15+15+30) 2.61 138.1 8.9 1.11 11.14
80 2.59 132.9 9.0 1.03 10.97
80 (40+40) 2.58 131.5 8.9 1.09 10.27
80 (20+20+40) 2.39 132.2 8.9 1.09 10.63
MEAN 2.62 134.2 8.9 1.06 10.63
0 2.02 132.0
HEADLINER 
10.1 . 1.06 12.04
40 2.26 135.9 9.9 1.06 12.23
40 (20+20) 2.15 139.2 9.7 1.05 11.09
40 (10+10+20) 2.19 138.1 9.9 1.06 12.27
60 2.02 143.4 9.7 1.05 11.32
60 (30+30) 2.01 134.2 9.6 1.08 10.81
60 (15+15+30) 2.06 140.6 10.2 1.05 11.71
80 2.49 138.3 9.8 1.07 13.43
80 (40+40) 2.44 134.9 9.7 1.05 11.77
80 (20+20+40) 2.62 139.7 9.8 1.13 11.57
MEAN 2.23 137.6 9.8 1.07 11.82
l£ach plot received an application of 72 pounds each of N and K2O, 
and 144 pounds of P2O5 per acre, one-half applied in the row prior 
to planting and one-half applied on the row just before mulching.
9Single applications were made as ammonium nitrate on Feb. 21; split 
applications on Feb. 21 and Mar. 20; split-split applications on 
Feb. 21, Mar. 20, and Apr. 25.
gExpressed as kilograms per plot.
4The depth of grease cone penetration (mm) in 10 seconds.
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None of the methods of applying the 60 pound rate of nitrogen 
increased the yield of the Headliner variety above that for the 
control. However, each method of applying both the 40 and 80 pound 
rate gave yield increases. The 40 pound rate in a single application 
gave higher yields than when split into two or three applications.
The 80 pound rate split into three applications gave higher yields than 
any of the other methods of applying 40, 60 or 80 pounds of nitrogen.
Fruit of the control plots of both varieties were generally 
higher in soluble solids than that to which nitrogen had been added 
as top-dressing.
While the fruit of the Dabreak variety from the control plot - 
were highest in percent dry matter, the fruit of the Headliner 
variety treated with a single application of 80 pounds of nitrogen 
were highest. However, fruit from the control plot, and a single 




The total nitrate accumulation in soil treated with any of the 
nitrogen sources was generally low except for ammonium nitrate and 
especially sodium nitrate. Nitrate accumulation due to nitrification 
was low regardless of nitrogen source used, falling within the range 
shown by corresponding samples incubated with no nitrogen additions. 
Incubation of samples at room temperature gave the greatest ac­
cumulation. At each temperature there was a general increase in 
nitrate accumulation with increases in length of the incubation 
period, the increases being more pronounced at the higher temperatures, 
This supports the findings of Parker et al (88) and Fisher (40) where 
in the latter test there was an increase in nitrate nitrogen at one, 
two, three and five weeks of incubation at 10 and 20°C.
Since the field from which the experimental soil was taken was 
out of cultivation for at least two years, previously supporting only 
weed growth, and the soil was held for a prolonged period of time in 
the air dry state, it is probable that the initial nitrifying bacteria 
population was low as was found by Simpson (1962).
The amount of urea nitrified in this study was considerably less 
than that found by Broadbent et al (19). This further indicates a low 
nitrifying population, since Wei TSung et al (121) found very little 
evidence of chemical hydrolysis of urea in soil.
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By comparing the amount of increase in nitrate above that added 
in the fertilizer and incubated at 60°F. and room temperature to that 
occurring with the use of ammonium sulfate it appears that the 
ammonium nitrogen from the latter source was more readily nitrified 
than the ammonium nitrogen from ammonium nitrate.
Since the accumulation of nitrate resulting from the use of 
urea was limited, it would be expected that even less would occur 
from the use of more resistant sources to nitrification such as UF 
and CSM. In this respect the relative solubility of the .sources 
containing the organic form of nitrogen seemed to have little effect 
on their nitrification under the conditions of this test.
The moisture content of samples incubated at 35 and 60°F. was 
never low enough to limit: nitrification, according to Miller et al 
(75) and Parker et al (88). However, the moisture content at these 
two temperatures did fall below the optimum of 50-60 percent of the 
water holding capacity which for this soil is about 11.5 percent 
moisture. This might have reduced nitrate accumulation.
Nitrification in samples incubated at room temperature probably 
was severely restricted at incubation periods longer than 14 days due 
to a lack of moisture.
The initial adjusted moisture content of the experimental soil 
compared to the final moisture content at the end of three days of 
incubation shows a considerable gap at all three temperatures, and is 
somewhat lower than expected. However, since during sample preparation 
considerable stirring and mixing of the soil and water was necessary
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to Insure even distribution of the moisture and more time was required 
for weighing, it is probable that the unexpected moisture loss oc­
curred as a result. The increased volume of material necessary to 
give 30 ppm nitrogen: from CSM as compared to the volume necessary for 
other sources of higher nitrogen content would also cause a lower 
moisture content of CSM treated samples due to the wetting of a larger 
mass of material.
The apparent lack of nitrification of ammonium nitrate at 35°F. 
supports Anderson's results (4) showing only negligible rates of 
nitrification of ammonium nitrate at 37°F. and at concentrations up 
to 400 ppm.
Nitrogen Leaching Study.
In 1962-63 the presence of plants in the BNR treatment apparently 
caused a marked increase in nitrate concentration in the leachate from 
all nitrogen treatments on the first, second, and sometimes the third 
leaching date (Table V ) . This was not generally true for the NR and 
ANR treatments (Tables VII and IX), and this trend was reversed with 
subsequent leachings. On the last leaching dates in March for the 
BNR and NR treatments, and in April for the ANR treatment, only negli­
gible concentrations of nitrate occurred in the leachate from pots 
with plants. One possible explanation for the effects of plants in 
this respect is the cultivation effect created by setting the plants 
in the soil (41). While the soil was placed in each pot and settled 
by tapping the side, it was stirred again while setting the plants in 
some pots, but in those without plants leaching was begun without
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further disturbance of the soil. Stirring the soil prior to leaching 
probably allowed more complete contact of the water with soil during 
the Initial leaching of these pots.
Leachate from sodium and ammonium nitrate treated pots with 
plants contained several times more nitrate at the first one or two 
leachings than that from other nitrogen sources, regardless of water 
treatment. But, sodium nitrate gave decreasing concentrations with 
each succeeding leaching date, amounting to only 0.5 ppm in March for 
the BNR and NR treatment. Other sources as ammonium sulfate, urea,
UF, and CSM gave low initial concentrations and higher subsequent 
concentrations in BNR, NR and ANR leachate collected in January and 
February from pots with plants and also in March from pots without 
plants.
The nitrate concentration of leachate from nitrogen treated NR 
and ANR pots without plants was higher than that from the control pots 
without plants. In the BNR treatment this was true on February 8 and 
22 and March 8 . This indicates that a certain amount of nitrification 
of applied nitrogen did occur in these pots.
While more nitrate was leached by each water treatment from 
sodium nitrate treated pots than from pots treated with other sources 
early in the test, the opposite was true for later leachings.
The marked reduction in nitrate removal from pots with plants 
as compared to pots without plants indicates that the plant roots 
were absorbing the nitrate ion. Further support of this is offered 
by the results of Clark (26) who showed that the strawberry plant root
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absorbed the nitrate ion from a nutrient medium at pH 4.6. The pH of 
this soil ranged from 4.8 to 5.2.
Relative to the NR and BNR treatments, the ANR treatment removed 
very little nitrate from any of the pots (Table XI). It is probable 
that this leachate resulting from the application of a larger volume 
of water to the pots would have caused a greater dilution of the 
nitrate salts. Practically all the ANR pots leaked, and this also 
could have resulted in the loss of large amounts of nitrate, especially 
if the initial leachate on any particular date was more concentrated 
than that finally emerging from the pots and sampled several hours 
later.
Sodium nitrate, which was applied at the rate of 30 ppm of 
nitrogen, produced significantly higher concentrations of nitrate 
than the control in the leachate derived from all three water treatments 
to pots with plants (Table XIII). However, since the data in this 
table present the seasonal average of the nitrate removed on each 
leaching date, it can be seen from Tables V, VII, and IX that this 
significance occurred as a result of the very large amounts removed in 
the first one or two leachings with each water treatment.
Ammonium nitrate produced significantly higher nitrate concen­
trations than the control treatment in leachate from the pots receiving 
the BNR and NR water treatments. These two water treatments removed 
large amounts of nitrate an the first two leaching dates also (Tables V 
and VII). Ammonium nitrate in the ANR treatment, as shown in Table IX, 
gave significantly larger amounts on December 18, February 4 and 18,
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and March 4, but none of the concentrations were very large, and when 
compared as an average of all leaching dates In Table XIII Is sig­
nificantly higher than the control treatment.
Leachate from the ammonium sulfate treatment contained signifi­
cantly more nitrate in the MR and AMR watering teatment.
Urea applied at 30 ppm of nitrogen produced significantly larger 
average nitrate concentrations than the control treatment with the MR 
water application, and with both the MR and BMR treatments when 
applied at 37 ppm of nitrogen. But, with both of these water treatments 
urea gave rather consistent concentrations of nitrate over longer 
periods of time than other sources.
When the source of nitrogen means in Table XIII are compared as 
an average of the three water treatments, sodium nitrate, ammonium 
sulfate, ammonium nitrate, urea and CSM plus ammonium nitrate signifi­
cantly increased the average concentration of nitrate removed per 
leaching.
Increasing the rates of applied nitrogen did not produce any 
consistent trends in nitrate concentration of the leachate (Tables VI, 
VIII, and X). Generally, however, urea applied; at. the rate of 37 ppm 
of nitrogen gave higher concentrations of nitrate in the leachate in 
all three water treatments than UF and CSM applied at 45 and 60 ppm 
of nitrogen respectively. Exceptions to this trend were shown by 
the leachate from UF treated pots in the BMR treatment collected on 
December 28, January 14, and February 8 (Table VI).
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By comparing the source of nitrogen effects on nitrate concen­
tration of the leachate as affected by the water treatment it was 
found that only sodium nitrate and ammonium nitrate produced increased 
amounts, and this was with the BNR treatment.
The nitrate content of the soil in March and April of 1963 was 
considerably higher in pots without plants than in pots with plants 
(Table XV), They were somewhat higher in April in the NR and BNR pots 
than in March and similar to March in the ANR pots.
Sodium nitrate, UF applied at 30 and 45 ppm of nitrogen, and 
CSM at 30 ppm of nitrogen gave relatively low amounts of soil nitrates 
in March and April while CSM applied at 60 ppm of nitrogen gave inter­
mediate amounts, and the other sources gave relatively high amounts.
Soil nitrate in pots with plants was considerably higher in March 
than in April. This is in contrast to the nitrate contents of soil in 
pots without plants.
Since it was discovered that position of the pots had a marked 
effect on soil temperature no detailed discussion of this data is 
presented. The data presented in Tables XVI, XVII, and XVIII show 
that the soil in "Center Pots" generally had a lower temperature than 
the soil in "West Pots" and "East Pots", especially at 12 noon and 
6 P.M.
While the sodium nitrate treated soil in the 1963-64 experiment 
showed continued decreases in soil nitrate as the number of days after 
application increased, the soil treated with the other sources showed 
more or less sharp increases in soil nitrate from 54 to 69 and sometimes
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to 82 days after application, or from January 19 to February 3 or 14 
respectively (Figures 4 and 5). By comparison, the soil of the control 
showed values below four ppm on all sampling dates except in the NR 
treatment at 69 days. The fact that the control gave low nitrate 
values in general and negligible differences due to water treatment 
and that different amounts of nitrate occurred in soil treated with 
CSM, ammonium sulfate, urea, and ammonium nitrate receiving the two 
water treatments, suggests an interaction between water treatment and 
nitrogen applied in these sources. Some sources indicated an inter­
action of greater magnitude than other sources. In this respect urea 
and CSM gave the greatest difference in soil nitrate of the sources 
indicated. The maximum difference due to water treatment occurred in 
soil treated with urea, CSM, and ammonium sulfate on February 14, 82 
days after application of the nitrogen.
The sharp increases in the nitrate content of soil treated with 
CSM, urea, and ammonium sulfate probably occurred as a result of 
nitrification of the reduced forms of nitrogen applied in these 
sources (Figures 4 and 5). In this respect CSM and urea treated soil 
gave the highest concentration of any of the sources, reaching a peak 
of 23 ppm in soil receiving the NR water treatment at 82 days after 
application. The increase noted at 69 days after application of UF 
indicates that the readily-soluble portion of this compound was 
rapidly nitrified.
The soil in pots treated with ammonium sulfate, urea, ammonium 
nitrate, CSM, and sodium nitrate contained more nitrate with the NR
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treatment than with the ANR treatment, especially on sampling dates 
beyond 69 days after application of the fertilizer nitrogen. In 
contrast, soli treated with UF contained slightly but consistently 
more nitrate under the ANR treatment up to 94 days after application. 
The control treatment gave somewhat Inconsistent results (Figure 4).
The maximum soil nitrate concentration was reached at 69 to 82 days 
following application. The 82nd day after application represents 
February 16, and it is on this date when differences in concentration 
caused by NR and ANR treatments were the greatest. The next sampling 
date, 94 days after application, represents March 1. The differences 
occurring between pots of the two water treatments were generally less. 
On the latter date the plants in both water treatments had begun more 
rapid growth. If it is assumed that the results of Clark (26) would 
also apply to plants with a nutrient solution contained by the soil, 
then nitrate was probably the principle Ion absorbed by the plants, 
for the soil pH range, as shown in Table XXII, was 4.7 to 5.2. This 
would tend to minimize differences in soil nitrate content due to 
water treatment, especially with the advent of rapid plant growth, 
and help to explain the small differences observed at the end of the 
test. This is further indicated in view of the fact that leachate
V
from these pots, containing relatively small amounts of nitrate, 
removed very small amounts from the soil on these dates (Figures 12- 
18).
Further evidence that nitrate was the principle nitrogen ion 
absorbed from the soil by plants in the test is that plant growth had
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a marked effect on soli nitrate content, regardless of water treatment 
or nitrogen source (Figures 6-9). Plant growth in the control pots 
receiving the NR water treatment caused the most marked reduction.
The reduction in soil nitrate effected by plant growth in any par­
ticular nitrogen treatment is more evident under the NR regime than 
the ANR regime; however, marked differences were brought about by 
plant growth at the higher water treatment to all sources.
In general, while plant growth tended to reduce nitrate content 
of soil treated with the reduced forms of nitrogen as the season pro­
gressed, apparently absorbing the nitrates as they became available 
to the plants, the nitrate content of soil without plants tended to 
increase as the season progressed, at least until 123 days after appli­
cation.
The data showing soil nitrate probably indicate less nitrifi- 
cation than that actually occurring, because these pots were leached 
at two week Intervals (Figures 4-11). In this respect, in soil with­
out plants and thus without the effects of plant growth, the nitrate 
removed by leaching would need to be replaced in amounts greater than 
those removed in order to show an increase as the season progressed.
Nhen the nitrate content of the soil in pots with plants re­
ceiving both water treatments is compared to that of soil in pots 
without plants, it is apparent that generally beyond 69 to 82 days 
following application of fertilizer nitrogen the nitrate content in 
the latter pots tended to increase while it decreased in pots with 
plants, being markedly lower at the end of the test (Figures 6-9).
This supports the results obtained in the 1962-63 leaching test.
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Increasing the rate of application of urea and CSM Increased the 
nitrate content of the soil In amounts generally corresponding to the 
rate of fertilizer Increase (Figure 10). On the other hand, the 
higher rate of UF caused only a negligible increase in nitrate in the 
soil (Figure 11).
The percent of applied nitrogen leached and the cumulative total
*
for each leaching date show that actually a small portion of the 
applied nitrogen was leached, even in the sodium nitrate treatment 
(Tables XIX and XX). It is probable that the leaching process was 
not completely efficient in any case due to the uneven distribution 
of water around the soil mass in each pot after the water application. 
It is also probable that the volume of water used to leach on any 
given date was too small to completely remove all of the nitrate 
present in the soil at that time. A five to one ratio of water to 
soil, as is generally used for nitrate extraction in laboratory 
analysis for soil nitrate, would be equivalent to 67.5 liters per pot 
per leaching date, based on 30 pounds of dry soil per pot. Actually, 
less than 20 liters were applied as the season total for even the 
highest water treatment. However, it would be expected that con­
siderable amounts of nitrate would be removed by a much smaller volume 
of water than 67.5 liters.
Large differences were found due to nitrogen source, however, 
and the presence of plants reduced the extent bf leaching considerably 
with each source, sometimes by as much as 100 percent (the less 
soluble sources).. These results would be expected in view of the 
effect of soil temperature on the rate of nitrification.
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The data from 1962-63 and 3.963-64 support Colllson's findings 
(28) that the nitrogen in sodium nitrate leaches more readily and in 
larger amounts than that in ammonium sulfate. Ammonium nitrate, as 
expected, was intermediate between these two inorganic sources.
Of the organic sources of nitrogen, urea was converted more 
rapidly and more completely to nitrate than the others. In fact, the 
leaching values for urea corresponded generally with those of ammonium 
sulfate. The UF and CSM form of nitrogen were very resistant to 
leaching as nitrate and did not contribute greatly different amounts 
of nitrate to the leachate than the control.
More nitrates were leached from the pots without plants than 
from those with plants in 1962-63 and 1963-64 in both the NR and ANR 
treatments. Generally, in 1963-64 the ANR treatment leached amounts 
of nitrate comparable to or slightly higher than the NR treatment from 
pots treated with sodium nitrate, ammonium nitrate, ammonium sulfate, 
or urea. This is in contrast to data obtained in 1962 showing that 
markedly less nitrate (more dilute) was leached by the ANR treatment. 
However, in 1963-64 the volume of leachate was measured, and the 
nitrate concentrations are presented as the amount removed in 
milligrams, while in 1962-63 no measurement could be made of the 
volume of leachate collected, but rather the nitrate leached was 
measured in terms of concentration (ppm). Therefore, the amount 
removed in 1964 was determined as a function of both concentration and 
volume and is expressed as the total amount of nitrate nitrogen leached 
in milligrams per pot.
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There were large amounts of nitrate occurring in the leachate 
from initial leachings in 1962-63 and 1963-64, and while source of 
nitrogen or water treatment had no significant influence on the per­
cent total nitrogen in the plants in 1963-64, they did give an 
indication of an influence, especially the source and rate of nitrogen 
(Table XXIII). The data show that a slightly higher total nitrogen 
content resulted in the plants from the use of ammonium forms of 
nitrogen and cottonseed meal than from the other sources. This is 
in conflict with the results of Clark (26) who found that the source 
of nitrogen had no effect on total nitrogen content of strawberry leaf 
tissue, but the data in Table XXIII are based on the entire plant minus 
the roots. In this regard, Murneek and Long (82) and Long and Murneek 
(69) found that by mid-summer the nitrogen content of roots and stems 
had decreased to the extent that only very small amounts of nitrogen 
remained in these organs.
The plants in this study had produced runners for several weeks 
prior to harvest in early May. Periodically, the runners and dead 
leaves were removed and stored in polyethylene bags attached to each 
pot in which there was a plant. Thus, the total nitrogen content of 
the plants as determined included nitrogen utilized in production of 
total aerial plant growth.
Although Johanson and Walker (55) found nitrogen deficiency 
symptoms in strawberry leaves containing an average of 1.31 percent 
total nitrogen (dry weight basis), no definite deficiency symptoms 
were visible on plants in this study, the tops of which showed an 
average total nitrogen content as low as 1.17 percent in some! cases.
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A significant influence on plant dry weight was shown by 
nitrogen source at the end of the test (Table XXIV). Of course, it 
is recognized that no accurate measurement was made of plant size at 
the beginning of the experiment, but plants were carefully selected 
for uniformity in size before planting. Since these plants were of 
the same size and were all grown under the same environmental con­
ditions, It may be assumed generally that each plant contained about 
the same amount of dry matter at planting time. Plants growing in 
ammonium nitrate treated pots receiving the NR water treatment ap­
parently attained greater dry weight than plants receiving the ANR 
water treatment. This trend is also indicated with some of the other 
nitrogen sources, but the opposite was true in some cases. When dry 
weights for plants fertilized with each source of nitrogen are con­
sidered as an average of the two water treatments, it is apparent 
that each nitrogen source significantly increased the dry weight of 
plants as compared to the control, some moreso than others.
It might be expected that the addition of ammonium nitrogen 
sources to the soil would give relatively larger exchangeable aimsonia 
contents than nitrate sources, unless the ammonium forms were nitri­
fied completely soon after application (before sampling). The data 
obtained in 1963-64 are somewhat inconsistent in this respect 
(Table XIV). However, the NR treatment in January showed lower 
concentrations of ammonia in the sodium nitrate and control treatments 
than in pots treated with any of the other sources. The ammonia 
content of pots was higher in January than in April, but the lowest
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consistent concentrations occurred with the ANR treatment in February 
in pots with plants. These values are comparable to the ammonia 
concentrations found in soil of the control pots receiving either 
water treatment on all but one sampling date, the NR treatment in 
April. (It may be recalled that the tap water used to water the 
plants in these tests contained several ppm of ammonia). It should 
be pointed out also that the reliability of the data in Table XXI is 
somewhat minimized by the unusually small sample size (15 gms of soil) 
used to obtain it.
No consistent differences occurred in the soil pH as a result of 
nitrogen additions. The pH of the soil prior to application of the 
various nitrogen sources was 4.8. It is interesting to note that 
while no great pH changes should be expected to result from the 
addition of nitrogen sources at the rates used in each of these ex­
periments for only one year, the pH of the water used to obtain the 
NR and ANR treatments was 8.5 and contained 85 ppm of sodium and thus 
might be expected to cause some pH change during the long period of the 
experiments. The average pH of leachate representing several sampling 
dates was 8 .0-8 .5, regardless of source of nitrogen.
It should be remembered with respect to the leaching results of 
the 1962-63 and 1963-64 studies that neither the ammount of nitrate 
leached nor the manner of leaching can be considered as representative 
of either under field conditions, even though similar amounts of water 
may be added to the soil as natural rainfall or irrigation water. The 
amount of handling necessary to move the soil from the field and to
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prepare it for placement in the pots markedly altered its physical 
characteristics. The process of shredding and screening, which was 
necessary for accurate weighing and nutrient additions, undoubtedly 
altered several physical characteristics, among these the reduction 
of bluk density and average pore size. This alone would alter the 
manner and amount of leaching that occurred by reducing the rate of 
water flow through the soil and the amount of contact of the water 
with the soil.
While the volume of soil used was adequate for normal growth 
and development of the strawberry plant under the conditions existing 
in a greenhouse study of this type, each plant was growing in an 
isolated volume of topsoil. Therefore, leaching had to occur as a 
result of downward movement of the salts by the excess water added.
The use of pots limited the lateral movement of dissolved nitrate 
salts. The absence of a subsoil, which in this soil type normally 
contains a fragipan and which also might tend to alter vertical water 
movement, would also preclude the effect of capillary water movement.
The use of an isolated volume of soil would also create different 
temperature conditions relative to those in a field soil. The soil 
temperature would be subject to greater fluctuation due to air 
movement around the pots.
However, with due regard for dissimilarities between the experi­
mental arrangement and field conditions, one of the main objectives of 
this test was to determine,the relative leaching losses of nitrate 
nitrogen as influenced by the use of various nitrogen sources.
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Fertilizer Nitrogen Field Study.
The nitrate nitrogen content of the soil at the 0-9 inch depth 
had increased by four times the original amount approximately one 
month after application of the fertilizer containing ammonium nitrate 
and had doubled at this time in the row receiving the ammonium 
nitrate plus CSM. The value shown for the former treatment (125 ppm) 
appears unusually high since only 34 ppm were added in this source, 
thus giving an increase above the added nitrogen of 60 ppm. It is 
probable that this apparent increase is partially a result of inad­
vertantly coring through the fertilizer band during sampling. This 
would cause a considerable increase in concentration of the sample, 
especially if the nitrogen in the fertilizer had not completely 
dissolved and dispersed. It is not likely that the total accumu­
lation resulting from oxidation of residual nitrogen components in 
the soil would amount to 60 ppm in this length of time. However, in 
this regard soil moisture in these plots was maintained near field 
capacity by frequent furrow irrigation (Table XXVt).
The Increase in the nitrate content of the soil resulting from 
the addition of ammonium nitrate plus CSM is approximately equal to 
the added nitrogen plus the nitrate nitrogen present the day prior 
to applying it. However, one-fifth (7 ppm) of the added nitrogen in 
this treatment was in the organic form. Thus, indications of nitri­
fication and subsequent accumulation in the approximate amount of 
12 ppm during this period of time are in order.
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At the first month following application the nitrate content at 
the 9-18 inch depth in the soil remained relatively unchanged in both 
treatment plots (Figure 24). However} at the end of two months it had 
Increased to 40-50 ppm and to 60-75 ppm at the end of three months.
At the 0-9 inch depth the nitrate content had decreased to 15 ppm 
for both treatments at the end of two months after application, and 
had increased slightly to 20-25 ppm at three months after application.
These changes in nitrate content of the soil with respect to 
sampling depth indicate that at two months after application the 
nitrates at the 0-9 inch depth had apparently leached downward to a 
depth below 9-18 inches. Although there is an increase in nitrate 
content at the 9-18 inch depth at the end of two months, the amount 
of increase does not account for the large amounts present at 0-9 
inches at one month after application.
With the more frequent sampling dates a better understanding of 
the nitrate disposition in the soil during March and April was gained 
(Figure 25). During the second and third weeks of March the nitrate 
content of the soil in the plot fertilized with ammonium nitrate was 
7-14 ppm higher than in the ammonium nitrate plus CSM plot. After 
this time, differences became continually smaller, and the amount 
present in the soil of both plots decreased to one to two ppm on 
May 4.
The general decrease noted after the first week in April was 
probably due to uptake by the plants since fruit harvesting began on 
April 2, and runner growth and development began shortly thereafter.
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When the soil nitrate content (Figures 24 and 25) are considered 
with respect to the rainfall data presented in Table XXV, a better 
understanding of the fluctuation in nitrate may be gained. The sharp 
reduction at the 0-9 inph depth with the simultaneous increase at the 
9-18 inch depth during the second week after application of the ferti­
lizer nitrogen can probably be attributed to downward leaching of the 
nitrate as a result of the unusually high amount of rainfall occurring 
in November, especially during the second and fourth weeks (Table XXV). 
The nitrate content at the 9-18 inch depth does not account for the 
total amount added, and it is probable that part of the amount unac­
counted for could have been leached beyond this depth, utilized in 
part hy the plants, or removed in runoff water after flood irrigation 
or heavy rainfall. The soil in this field was maintained at, or near, 
field capacity. The excessively high rainfall occurring in the second 
week of December might account for the continued, moderate Increase in 
nitrate; at the lower depth for both fertilizer treatments, but not for 
the slight rise in nitrate content at the 0-9 inch depth during 
December.
The effects of rainfall on soil nitrate fluctuation at the 0-9 
inch depth during March and April is further complicated because during 
this period relatively heavy demands are made on soil nitrate by 
actively growing plants and on soil nitrogen by increasing populations 
of soil microorganisms resulting from increasing soil temperatures. 
Increases in soil microbial population would also affect the rate of 
nitrogen liberation from soil organic matter.
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Nitrogen Top Dressing Field Study.
Applications of nitrogen as top dressing to strawberry plants 
in either single or split applications (Table XXX) gave higher 
yields than the control (no nitrogen top dressing). While 40, 60, and 
80 pounds of nitrogen applied in the form of ammonium nitrate increased 
the yield of fruit of the Dabreak variety, only the 40 and 80 pound 
rates increased it in Headliner. The highest yields were obtained by 
a single application of 40 pounds of nitrogen per acre to the Dabreak 
variety and a split application of 80 pounds (20 + 20 + 40) to 
Headliner.
No marked differences occurred in firmness or titratable acids 
in fruit of either variety due to rates or methods of nitrogen applied 
as top dressing. There was, however, usually a higher percentage of 
soluble solids in fruit of the control plots of both varieties.
Percentage dry matter, while slightly decreased by applications 
of nitrogen as top dressing to the Dabreak variety, apparently was 
increased in Headliner by a single application of 40 and 80 pounds of 
nitrogen per acre and a split application of 40 pounds (Table XXIX).
While the Dabreak variety, under the conditions of this test, 
produced slightly higher yields of firmer fruit than the Headliner 
variety, its fruit were generally lower in percent soluble solids and 
dry matter. Only negligible differences in percent titratable acids 
occurred between varieties or among nitrogen treatments within a 
variety. Varietal differences in total yield and percent soluble 
solids and dry matter were consistent for all nitrogen treatments.
SUMMARY
Nitrification Study.
Samples of Olivier silt loam top soil (200 grams each on an oven 
dry basis) were treated with sodium nitrate, ammonium nitrate, am­
monium sulfate, urea, urea formaldehyde or cottonseed meal at the rate 
of 30 ppm of nitrogen. The moisture content was adjusted to 60 per­
cent of the field capacity (13.40 percent) at the outset of the study. 
The samples were incubated for 3, 7, 14, 21, 28, and 49 days at 35 and 
60°F. and room temperature (mean = 80°F.). The results of this study 
may be summarized as follows:
1. Nitrate accumulation due to nitrification was low regardless 
of the nitrogen source used, falling within the range shown by corre~ 
sponding samples incubated with no nitrogen additions.
2. Maximum nitrate accumulation due to nitrification was highest 
in samples incubated at room temperature.
3. Nitrate accumulation increased as the length of the incu­
bation period increased.
4. The moisture content of the experimental soil decreased more 
rapidly and in larger amounts in samples incubated at room temperature 
than at 35 or 60°F., the latter temperatures giving approximately 




Olivier silt loam soil was treated with the same six sources of 
nitrogen indicated in the nitrification study. Treated soil was 
placed in 12 x 12 inch aluminum-painted, plastic pots in an open-end, 
unheated, plastic greenhouse. The effects of the various nitrogen 
sources on the nitrate content of the soil and leachate from pots 
with and without plants leached with two or three rates of water appli­
cation were studied. Determinations were also made of the effects of 
various nitrogen sources and water treatments on the soil pH and the 
total nitrogen content and dry weight of plants. Hie results of this 
study may be summarized as follows:
1. Plant growth, as compared to pots without plants, caused a
lower soil nitrate content, regardless of the source of nitrogen or 
water treatment.
2. In 1963-64 the soil nitrate content in pots without plants 
was generally higher in those receiving the NR treatment, and was 
higher at the end of the study (150 days after application of the 
nitrogen) than at the beginning, except in sodium nitrate treated 
soil.
3. Increasing the rate of nitrogen applied as CSM and urea 
resulted in a higher soil nitrate content under both water regimes 
(NR and ANR) used in the 1963-64 study.
4. Source of nitrogen had no measurable effect on the soil pH.
5. Sodium nitrate and ammonium nitrate gave the highest 
nitrate concentrations in leachate from the initial two to three
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leachlngs. Thereafter, sodium nitrate gave rapidly decreasing concen­
trations of nitrate in the leachate as the days after application of 
the nitrogen increased.
6 . Ammonium sulfate, urea, UF, and CSM gave lower concentrations 
of nitrate in the leachate from the second and sometimes the third 
leaching than from the first. Thereafter, nitrate in the leacheate in­
creased as the time after nitrogen application to the soil increased.
7. At the end of the study in 1962-63 and 1963-64 the soil 
treated with the reduced forms of nitrogen gave higher concentrations 
of nitrate in the leachate than sodium nitrate.
8 . Total nitrate leaching losses were highest from sodium 
nitrate treated soil, regardless of water treatment, and were gener­
ally lowest in the control.
9. Leachate from the BNR water treatment in the i962-63 study 
contained the highest concentrations of nitrate, and the ANR treatment 
contained the lowest. In the 1963-64 study, leachate from the ANR 
treatment contained a higher amount of nitrate than that from the NR 
treatment. The BNR treatment was not used in this study.
10. Leaching losses were higher from pots without plants than 
from pots with plants.
11. Relatively small amounts of the total amount of nitrogen 
applied were removed in leachate as nitrate.
12. Of the organic sources of nitrogen applied, urea gave nitrate 
leaching values generally corresponding to those for ammonium sulfate. 
The UF and CSli forms of nitrogen did hot contribute greatly increased 
amounts of nitrate to the leachate over the control.
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13. There were no significant influence of. source of nitrogen on 
the percent total nitrogen in plants. However, there was an indication 
of an influence in that ammonium sulfate, urea (applied at 37 ppm of 
nitrogen), and GSM (applied at 60 ppm of nitrogen) gave higher 
nitrogen values than the control.
14. All of the sources and rates of nitrogen applied gave sig­
nificant increases in plant dry weight at the end of the test, as 
compared to the control.
15. There were no visible nitrogen deficiency symptoms on plants 
from any of the nitrogen treatments, although such symptoms have been 
reported (55) for higher nitrogen contents in the leaves than the 
minimum content in entire plants noted in this study.
16. Increased rates of nitrogen applied in the form of urea,
UF, or CSM (applied to pots with plants only) had no marked effects 
on nitrate concentration of the leachate, as compared to the lower . 
rates applied in each of these sources.
17. Although each pot was coated with aluminum paint, the 
temperature of the soil in the pots with one side exposed to sunlight, 
morning or afternoon, showed greater fluctuation and higher maximums 
than other pots.
Fertilizer Nitrogen Field Study.
The nitrate content of the soil under field conditions, as af­
fected by the kind of fertilizer nitrogen applied, was studied. On 
October 1, each of two plots received 68, 136, and 68 pounds of N., 
P2O5 , and K20 respectively. In one plot all the nitrogen was applied
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as ammonium nitrate, and In the other 54 pounds of nitrogen was applied 
as ammonium nitrate and 14 pounds as CSM. The results of this study 
may be summarized as follows:
1. The nitrate content of the soil at the 0-9 Inch depth in­
creased by several times the original amount applied by one month
after application of each kind of nitrogen. The highest increase (up 
to 126 ppm) resulted from the use of ammonium nitrate alone. At the 
9-18 inch depth the soil nitrate content was relatively unchanged (9-
16 ppm) at this time for both treatments.
2. At two months after application, the nitrate content at the 
0-9 inch depth had decreased to 15 ppm for both treatments. At the 
same time it had increased to 40-50 ppm for both treatments at the 9- 
18 inch depth.
3. Both nitrogen treatments at both depths gave slight increases 
in nitrate at the third month after application, but the amount present 
at the 9-18 inch depth (60-72 ppm) was considerably higher than that at 
0-9 inches (20-26 ppm).
4. The soil nitrate content was 7-14 ppm higher during the 
second and third weeks of March in the plot receiving anmonium nitrate 
alone than in the one receiving ammonium nitrate plus CSM.
5. Differences in soil nitrate, as affected by the two nitrogen 
treatments, were not consistent in March and April, and considerable 
fluctuation occurred during this time, but decreased to insignificant 
amounts by May 1.
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6 . There were no consistent effects of the two fertilizer 
treatments on the average yield or number of fruit per plant or on 
the average size of fruit.
Nitrogen Top-Dressing Field Study.
Three rates of ammonium nitrate applied in the spring as a top- 
dressing in one, two, or three applications were compared as to their 
effects on the yield and quality of the Dabreak and Headliner varie­
ties of strawberries. The three rates of nitrogen applied were 40,
60, and 80 pounds per acre. The results of this study may be summa­
rized as follows:
1. Highest yields from the Dabreak variety were obtained with
a single application of 40, 60, and 80 pounds of nitrogen per acre on
February 21. These amounts applied in split applications (one-half
on February 21 and one-half on March 20, or one-fourth each on
»
February 21 and March 20 plus one-half on April 25) also increased 
yields.
2. Highest yields from the Headliner variety were obtained with 
a split appliction of 80 pounds of nitrogen (one-fourth each on 
February 21 and March 20 plus one-half on April 25). Single and split 
applications of 40 and 80 pounds per acre applied on the same dates 
and in the same proportions as to the Dabreak variety also increased 
yields, but 60 pounds did not.
3. No marked differences in firmness of fruit or titratable 
acids occurred as the result of rate or number of applications of 
nitrogen to either variety.
173
4. Generally, soluble solids were slightly higher in fruit from 
the control plots (no top-dressing) of both varieties.
5. The dry matter content was highest in fruit of the control 
plot of the Dabreak variety but generally lower with the 40 pound rate 
of application than with the 60 or 80 pound rate.
6 . The dry matter content was highest in fruit from plots re­
ceiving a single application of 80 pounds of nitrogen per acre to the 
Headliner variety.
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APPENDIX
DETERMINATION OF NITRATE NITROGEN IN FROZEN LEACHATE
The following procedure was used to determine the nitrate nitro­
gen content of frozen leachate samples obtained from the leaching 
study in 1962-63 and 1963-64:
1. The samples were removed from frozen storage and permitted 
to thaw inside the polyethylene bags. It was found that placing the 
samples (inside the bags) in a 250 milliliter beaker to thaw prevented 
water, resulting from melting frozen condensate that collected on the 
bags during storage, from running over the counter top and onto the 
floor.
2. Immediately after thawing, each sample was transferred from 
the polyethylene bag into a clean 250 milliliter beaker. Three drops 
of a ten percent calcium hydroxide solution were added to each sample 
(proportionately more if it was cloudy). The sample was swirled 
briefly to mik, and filtered through Whatman No. 42 filter paper.
3. A 20 milliliter aliquot of the filtrate was transferred to 
a 50 milliliter volumetric flask (Pyrex), placed in a vacuum oven at 
90°C. and 25 inches of mercury vacuum and dried to a white powdery 
residue.
4. When dry each sample was removed from the oven and the flask 
allowed to cool. Two milliliters of phenol-di-sulfonic acid were 
added to each flask \rtiich was rotated to insure complete contact of
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the acid with the residue, and allowed to stand for ten minutes to 
react.
5. Fifteen milliliters of distilled water were added to each 
flask, mixed and the contents allowed to cool for approximately 5-10 
minutes.
6 . A 1:1 solution of ammonium hydroxide was slowly added to 
each flask until the maximum yellow color developed. It was found 
that not allowing the contents to cool before adding ammonium hy­
droxide would often result in the contents boiling over.
7. The samples were brought to volume and the percent trans­
mittance read in a Beckman Model B spectrophotometer at 420 milli­
microns wavelength with a blue-sensitive phototube.
Table XXXI. The Effect of Nitrogen Source and Water Application on Milligrams of Nitrate 
Nitrogen Leached on Each Leaching Date in 1963-64.
SOURCE OF MGMS of N Dec.22 Jan. 7 Jan.20 Feb. 3 Feb.19 Mar. 4 Mar.17 Apr.13 Apr.28 



















35 32 21 10 18 10
14 7 9 2 2 7
23 15 7 13 7 3
9 7 5 2 5 6
9 9 6 2 3 9
6 7 2 1 3 4
11 11 9 2 1 3
11 11 8 1 5 4
12 17 2 1 3 2
15 12 8 2 2 4
14 9 2 1 1 2
47 24 16 7 11 11
10 7 8 1 6 4
27 21 8 7 8 5
10 8 4 1 8 3
9 7 4 1 2 3
11 7 6 1 3 5
7 14 4 1 1 5
Pots With Plants
23 11 12 14 6 2
8 11 3 10 8 6
7 9 8 5 6 6
4 10 7 12 7 8
7 5 2 3 5 10
5 4 1 1 4 3
5 6 6 6 12 5
7 6 5 5 7 3
6 6 3 8 4 2
6 4 6 4 14 5
2 2 5 1 2 5
Pots Without Plants
19 17 13 15 14 12
9 11 9 11 9 9
15 7 9 9 15 6
11 8 16 9 17 9
5 8 3 12 13 12
5 7 6 5 ! 4 9
5 10 4 7 2 10
3 1 0 0 0 0
6 3 0 3 0 1
1 1 0 2 0 0
0 2 0 3 0 8
0 0 0 0 0 0
1 2 0 3 1 0
5 1 6 2 1 2
1 0 2 0 0 0
2 0 3 1 1 1
3 1 2 1 1 0
2 1 0 1 0 0
11 13 8 3 2 1
22 11 10 7 2 4
9 9 13 4 2 4
12 12 8 13 2 4
2 6 4 5 I 2
6 9 4 8 2 3
1 6 1 3 2 2
Table XXXII. The Effect of Source of Nitrogen and Water Application on the Percent Moisture
of Soil in the Pots of the Leaching Study in 1963-64.
SOURCE OF
DATE OF SAMPLE COLLECTION
Jan., 19 Feb., 3 Feb. 16 Mar. 1 Mar <. 30 Apr. 12 Apr.. 26
NITROGEN ANR NR ANR NR ANR NR ANR ANR NR ANR NR ANR NR
Pots With Plants
NaN03 27.9 24.3 27.8 27.7 27.9 27.2 29.0 26.3 14.2 22.4 13.3 20.7 15.7
(NH4)2SO4 27.5 28.4 27.6 27.3 27.6 26.8 27.5 22.5 22.2 16.4 21.8 17.9 18.7
NH4NO3 18.1 38.7 22.5 27.2 28.0 25.0 28.3 24.1 12.8 19.2 16.3 19.7 13.4
Urea 26.8 25.7 24.8 27.3 27.8 27.4 29.3 19.6 15.0 16.5 15.0 12.1 15.5
UF 27.2 29.1 27.2 28.4 28.8 26.6 29.1 21.9 17.3 18.2 17.2 21.2 19.5
CSM 25.9 27.5 27.2 26.8 28.3 27.5 26.8 25.1 17.1 22.5 18.2 23.5 16.4
Urea 26.0 37.9 22.6 25.5 27.2 16.9 28.9 32.8 18.6 20.4 17.3 15.5 13.2
UF 16.8 28.9 26.8 27.3 28.3 27.1 30.0 25.2 18.8 19.5 17.1 25.2 20.4
CSM 25.1 27.9 27.1 26.5 27.6 26.7 28.6 19.7 26.8 13.6 18.7 23.6 13.3
NH4NO3 +  CSM 25.9 28.2 26.3 27.2 27.2 25.8 28.1 23.2 13.8 19.3 15.1 20.4 12.4
Control 25.0 43.5 27.5 27.5 27.4 26.5 28.6 23.9 19.7 22.9 21.2 23.5 22.0
Pots Without Plants
NaN03 25.5 24.1 27.8 28.4 29.2 29.6 30.6 29.3 24.3 26.2 27.8 24.4 23.3
(NH4)2SO4 27.4 28.5 28.6 28.0 29.7 28.6 33.6 29.5 24.8 27.7 25.6 26.1 23.2
NH4NO3 27.3 27.6 22.9 28.2 30.3 29.2 29.8 29.4 23.8 27.6 27.1 25.2 30.5
Urea 25.8 26.4 29.2 26.8 30.0 28.6 25.9 30.8 23.2 12.7 26.1 26.1 23.7
UF 25.7 26.9 28.1 27.5 29.1 28.6 29.8 27.5 24.0 27.9 26.4 25.3 23.4
CSM 26.9 27,2 29.0 26.5 29.3 28.3 30.9 28.6 22.7 26.2 29.2 24.7 24.4
Control 28.3 27.7 27.2 26.4 28.3 28.6 29.6 28.0 24.2 23.5 26.2 24.6 22.6
voo
Table XXXIII. The Average Number of Milliliters of Leachate Collected on Each Leaching 
Date From Pots in the Greenhouse in 1963-64.
SOURCE OF Dec. 22 Jan. 7 Jan. 20 Feb. 3 Feb. 19 Mar. 4 Mar. 17 Apr. 13 Apr. 28
NITROGEN ANR NR ANR r NR ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR ANR NR
Pots With Plants
NaN03 323 267 613 367
(NH4)2S0^ 633 293 600 487
NH4NO3 497 355 540 360
Urea 400 417 593 450
UF 513 400 666 410
CSM 490 420 543 347
Urea 567 430 731 450
UF 597 460 653 343
CSM 479 327 617 453
NH4NO3 + CSM 497 430 577 457
Control 623 430 675 467
NaN03 513 417 623 430
(NH4)2S04 517 370 658 397
NH4NO3 600 363 553 413
Urea 563 433 700 390
UF 743 390 597 340
CSM 643 413 700 510
Control 673 520 633 403
647 335 637 350 687 463 850
795 370 693 437 683 497 770
700 373 700 367 637 347 747
703 413 683 417 647 477 760
760 490 643 417 697 507 733
527 303 660 430 697 497 777
742 427 707 380 690 347 730
607 427 710 483 820 493 823
683 363 680 333 653 433 747
657 387 705 360 647 410 707
613 307 700 467 763 540 813
Pots Without Plants
553 467 763 537 833 677 913
620 400 807 503 857 630 867
677 387 800 507 837 597 850
693 423 853 473 803 630 907
685 253 807 543 837 577 763
653 410 797 517 813 683 830
567 483 793 550 867 670 893
477 713 347 657 147 377 507
540 725 323 358 377 620 425
373 387 190 397 318 723 630
586 380 283 272 290 423 450
617 450 407 357 310 843 467
525 537 257 690 370 555 583
450 458 265 543 243 453 423
413 663 233 490 320 950 607
623 530 333 643 167 400 630
467 447 313 602 340 475 633
507 623 340 570 263 907 690
683 873 745 740 575 670 597
627 867 650 957 397 537 507
657 867 653 717 413 640 520
673 827 630 843 517 480 530
580 903 560 782 433 637 447
670 890 617 830 527 547 532
593 877 727 770 518 480 590
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